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Board  of  Supervisors 
Yolo  County 
Woodland,  California 

Gentlemen: 

Submitted  for  your  consideration  is  the  report  entitled 
"Yolo  County  Investigation  of  Groundwater  Resources".   This  report 
presents  information  on  groundwater  hydrology,  geology,  water  usage, 
and  the  manageability  of  the  groundwater  basins  of  Yolo  County.   Recent 
groundwater  conditions  are  reported  and  those  of  1990  and  2020  are  pre- 
dicted. 


This  report,  together  with  existing  data  on  surface  water 
development  for  Yolo  County,  provide  the  information  required  for  the 
design  of  a  Yolo  County  County-wide  Water  Plan.   This  plan  would  pro- 
vide guidance  for  all  water  agencies  in  the  development  of  future  water 
supplies  for  Yolo  County. 


Respectfully  submitted. 


Frank  B.  Clendenen 
President 
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Chapter  1     Introduction 

The  groundwater  resources  of  Yolo  County  are  of  major  importance  to 
the  economy  of  the  County.   They  are  vital  to  agricultural  production  and 
as  a  source  of  both  domestic  and  industrial  water  supplies  throughout  the 
County. 

Historically,  there  has  been  a  large  dependence  on  ground  water  for 
irrigated  agriculture.   Diversions  of  surface  water  have  varied  signifi- 
cantly over  the  years  in  some  parts  of  the  County  and  do  not  exist  in  other 
parts.   Ground  water  has  thus  served  as  a  relatively  constant  source  to 
meet  a  fluctuating  demand  from  year  to  year.   Municipal  and  industrial 
development,  on  the  other  hand,  has  relied  almost  exclusively  on  ground- 
water supplies  to  meet  continually  increasing  demands. 

Increasing  water  requirements,  primarily  the  result  of  expanding 
irrigated  agriculture  and  partially  due  to  increases  in  population,  have 
contributed  to  an  overdraft  situation  as  water  levels  have  declined  through- 
out the  County  over  the  last  twenty  years  and  pumping  depressions  have 
appeared  in  localized  areas.   Development  of  additional  supplemental  surface 
water  supplies  has  been  slow.   These  conditions  have  fostered  a  concern 
over  the  availability  and  quality  of  groundwater  for  continued  use. 

This  investigation,  the  first  County-wide  study  on  ground  water, 
was  undertaken  to  quantify  the  groundwater  resources  of  the  County  and  to 
consider  future  water  requirements  and  their  impact  on  groundwater  quantity 
and  quality  in  the  County. 
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Chapter  2     Acknowledgements 

Cooperative  exchange  of  information  has  been  a  key  part  of  this  investi- 
gation.  Most  notably,  cooperation  with  the  California  Department  of  VJater 
Resources  (DWR)  has  resulted  in  a  delineation  of  geologic  materials  in  the 
water  bearing  areas  of  Yolo  County  based  on  water  well  logs.   In  addition, 
the  DWR  has  provided  considerable,  unpublished  water  quality  data. 

Other  unpublished  water  quality  data,  water  well  information,  and 
specific  consumptive  use  factors  were  provided  by  the  University  of 
California,  Davis. 

Significant  data  relative  to  current  and  forecast  crop  distributions 
throughout  the  County  and  additional  consumptive  use  information  were 
provided  and  reviewed  by  the  Yolo  County  Cooperative  Extension  Service. 

The  Woodland  Office,  U.S.  Department  of  Agriculture,  Soil  Conservation 
Service  provided  infiltration  and  runoff  parameters  for  soil  and  surface 
conditions  in  the  County. 

Population  data  and  other  information  were  provided  by  the  Yolo  County 
Departments  of  Public  Works  and  Planning.   The  Director  of  Public  Works 
also  reviewed  progress  and  plans  of  the  study  on  a  regular  basis. 

Other  population  data  and  current  and  forecast  municipal  and  industrial 
water  requirements  were  furnished  by  the  cities  of  Davis,  Winters,  and 
Woodland  and  by  the  East  Yolo  community. 

The  Yolo  County  Flood  Control  and  Water  Conservation  District  (YCFCWCD) 
provided  details  of  diversions,   flow  rates,  and  deliveries  throughout  its 
distribution  system.   In  addition,  the  Yolo  County  Flood  Control  and  Water 
Conservation  District  provided  information  on  the  planned  operation  of  the 
Indian  Valley  and  Clear  Lake  Reservoirs. 
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The  E.  E.  Luhdorff  Co.,  Inc.,  of  Woodland,  which  has  been  conducting 
pumped  well  tests  throughout  the  County,  provided  data  from  ninety  tests, 
which  permitted  calculation  of  aquifer  properties. 

Pacific  Gas  and  Electric  Company  supplied  energy  schedules  for  agricul- 
tural pumping  and  provided  consultation  on  the  schedules  and  groundwater 
pumping  in  the  County. 

The  cooperation  and  contributions  of  these  and  others  not  mentioned 
are  gratefully  acknowledged  and  appreciated. 
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Chapter  3     Scope  and  Objectives 

In  general,  the  scope  of  this  investigation  includes  the  definition 
of  the  groundwater  resources  of  the  County;  the  determination  of  past, 
present,  and  future  demands  for  water  and  particularly  ground  water;  the 
consideration  of  potential  management  of  ground  water;  and  consideration 
of  using  surface  and  possibly  reclaimed  waters  in  meeting  management 
objectives  and  future  water  requirements. 

Specifically,  the  objectives  of  the  study  were  to: 

-  review,  summarize,  and  utilize  existing  literature  pertinent 
to  the  general  scope  of  this  project 

-  delineate  the  geography  and  climatology  of  the  County  as  they 
relate  to  water  resources 

-  determine  the  history  of  total  water  and  groundv/ater  use  and 
water  quality 

-  determine  the  hydrogeologic  characteristics  of  the  County 

-  quantify  groundv/ater  storage  beneath  the  County 

-  determine  the  perennial  yield  of  the  groundwater  basin  under 
varying  conditions 

-  consider  localized  problem  areas  with  regard  to  groundwater 
quantity  and/or  quality  of  water  and  propose  solutions 

-  evaluate  groundwater  quality  for  present  and  future  agricul- 
tural, domestic,  municipal,  and  industrial  uses 

-  consider  the  manageability  of  ground  water  in  relation  to  the 
total  water  resources  of  the  County. 
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Chapter  4     Conclusions  and  Recommendations 

CONCLUSIONS 

A  number  of  conclusions  pertinent  to  Yolo  County's  groundwater 
resources  have  resulted  from  this  investigation  and  are  summarized  as 
follows: 
Water  Requirements 

-  Total  County-wide  water  requirements  in  1970  were  835,000  acre- 
feet,  of  which  805,000  acre-feet  or  96%,  were  for  agricultural 

use. 

-  Total  County-wide  water  requirements  are  expected  to  increase 
by  1990,  depending  on  the  availability  of  new  supplemental 
imported  waters  as  follows: 

*  If  new  supplemental  imported  water  is  not  available, 
total  water  requirements  will  be  935,000  acre-feet 
per  year. 

*  If  new  supplemental  imported  water  is  available,  total 
water  requirements  will  be  1,000,000  acre-feet  per  year. 

-  Total  County-wide  water  requirements  in  2020  will  also  be 
dependent  on  the  availability  of  new  supplemental  imported 
waters  but  could  increase  to  1,190,000  acre-feet  per  year. 

Groundwater  Storage 

-  The  total  available  groundwater  storage  capacity  in  the  depth 
interval  of  20  to  420  feet  is  14,038,000  acre-feet. 

-  Groundwater  storage  in  1974  through  the  same  depth  interval  was 
13,210,000  acre-feet. 
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-  Over  the  30  year  period,  1944-1974,  the  decrease  in  groundwater 
storage  has  amounted  to  approximately  500,000  acre-feet. 

Pumpage, 

-  The/k^lWfe^Wrfinfilai  V^.el'd'Wtrtl'Wdund'watfer^asins  in  the 
County  was  304,j500  acre-feet  for  the  period  1963-72. 

-  County-wide  perennial  groundwater  yield  will  increase  by  1990 

to  320,000  acre-feet  per  year  if  new  supplemental  imported  water 
is  not  available  and  to  330,000  acre-feet  per  year  if  new  supple- 
mental imported  water  is  available. 

-  County-wide  perennial  groundwater  yield  could  increase  to 
385,000  acre-feet  per  year  by  2020. 

-  Average  County-wide  groulviwater  pumpage  over  the  period  1963- 
1972  was  343,100  acre-feet  pe\  year,  which  resulted  in  an 
average  annual  overdraft  of  -liiOO^  acre-feet  for  that  ten  year 
period.  ^v 

-  The  construction  of  Indian  Valley  Reservoir  results  in  a  new 
average  annual  water  supply  o^,  48,000  acre-feet  which, /when 
fully  utilized,  will  (eliminate) the  present  groundwater  over- 
draft in  all  groundwater  basins  except  Colusa  and  East  Yolo. 

-  County-wide  groundwater  pumpage  will  increase  to37^,  000  acre- 
feet  per  year  by  1990  if  new  supplemental  imported  water  is  not 
available- — ^Fh±s^umpage  will  result  in  an  annual  overdraft  of 

^^50,000  acre-feet  per  year  in  1990. 

-  The  water  supplies  Dunnigan  Water  District  has  contracted  for 
and  those  of  Yolo-Zamora  Water  District  and  the  Yolo  County 
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Flood  Control  and  Water  Conservation  District  that  have  been 
applied  for  and  held  for  these  agencies  pending  formal  contract 
would  eliminate  the  1990  overdraft  and  provide  water  supply  in 
excess  of  the  water  need  predicted  for  the  year  2000. 

-  To  meet  2020  total  water  requirements,  groundwater  pumpage 
could  increase  to  490,000  acre-feet  per  year,  resulting  in  an 
annual  overdraft  of  105,000  acre-feet. 

Pumping  Costs 

-  The  County-wide  average  cost  for  energy  to  pump  groundwater  in 

197A  was  $5.07  per  acre-foot. 

-  The  County-wide  average  cost  for  energy  to  pump  groundwater 
will  increase  to  between  $5.50  and  $5.90  by  1990,  depending  on 
the  availability  of  new  supplemental  imported  water. 

Groundwater  Quality 

-  The  quality  of  groundwater   is  good  for  agricultural  uses. 

-  The  quality  of  groundwater  is  generally  acceptable  for  muni- 
cipal and  industrial  uses  except  in  the  East  Yolo  area  where 
treatment  of  groundwater  is  necessary  to  meet  domestic  standards. 

-  Total  dissolved  solids  and  chloride  concentrations  in  the  ground- 
water will  increase  by  10  to  13  percent  by  1990,  depending  on 
the  availability  of  new  supplemental  imported  surface  water. 

Groundwater  Management 

-  The  water  quantity  and  quality  problem  areas  in  the  County  are 

being  addressed  by  appropriate  districts,  cities,  or  other  agencies. 
The  record  of  accomplishment  by  local  water  agencies  in  Yolo  County 
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is  good.   Cooperative  effort  in  coordinating  and  planning  to 

assure  future  water  supplies  should  be  encouraged. 

Groundwater  management  where  economically  feasible  should  be  an 

element  in  any  and  all  water  plans  for  Yolo  County. 

The  results  of  this  investigation  provide  information  on  which 

to  base  decisions  by  the  County  and  to  contribute  input  by  the 

County  to  regional  water  resources  planning. 

RECOMMENDATIONS 
The  County,  in  concert  with  all  local  water  development  agencies, 
should  prepare  a  Yolo  County  Master  Water  Plan  that  would  cope  with 
present  and  future  water  quality  and  quantity  problems.   Utiliza- 
tion of  groundwater  and  groundwater  storage  capacity  should  be  a 
major  element  in  this  plan. 

Yolo  County  should  determine  the  availability  and  cost  of  securing 
sufficient  supplemental  water  to  assure  an  adequate  future  water 
supply. 

Surveillance  and  annual  updating  of  groundwater  data  should  be 
implemented  for  evaluation  of  groundwater  conditions  in  the  County. 
An  Annual  Report  on  Yolo  County  Water  Conditions,  including  quan- 
tity and  quality  data  on  water  use,  water  import,  local  surface 
water  and  groundwater  should  be  prepared  in  cooperation  with  all 
the  water  organizations  within  the  County. 

The  Annual  Report  of  Yolo  County  Water  Conditions  should  be  used 
to  verify  or  modify  the  Yolo  County  Master  Water  Plan. 
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Chapter  5     Background  Information 

A  number  of  investigations  have  been  published  by  various  governmental 
and  private  agencies  over  the  past  60  years  that  relate  to  the  groundwater 
resources  of  Yolo  County.   Considerable  basic  data  pertinent  to  this 
investigation  has  been  compiled  from  these  previous  investigations. 
Discussions  of  those  most  pertinent  to  this  study  are  presented  below. 
A  listing  of  these  investigations  and  all  others  used  as  references  are 
included  in  Appendix  A. 

UNITED  STATES  BUREAU  OF  RECLAMATION 

Studies  by  the  United  States  Bureau  of  Reclamation  (USBR)  relating 
to  Yolo  County  involve  analyses  of  surface  storage  development,  imports 
from  the  Sacramento  River,  and  utilization  of  ground  water.  These  were 
initiated  during  the  late  1940's  in  connection  with  the  Solano  Project. 
The  most  recent  concerned  the  proposed  Yolo-Zamora  Unit. 

Solano  Project  -  The  Solano  Project  included  the  planning  and  con- 
struction of  the  Monticello  Dam  and  Reservoir  and  the  Putah  Creek  South 

Canal • 

Since  completion  of  these  facilities  the  Bureau  of  Reclamation  was 
required  by  the  State  Water  Resources  Control  Board  to  make  a  yearly  report 
summarizing  operational  flows,  climatological  data,  and  diversions  along 
Putah  Creek  from  Monticello  Dam  to  its  gaging  station  at  Mile  7.2.   The 
Bureau  also  calculated  the  amount  of  annual  recharge  from  Putah  Creek  and 
included  this  information  in  the  progress  reports  for  each  water  year  during 
the  period  1957-69.   Water  levels  in  wells  within  the  general  vicinity  of 
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Putah  Creek  are  also  monitored  in  the  spring  and  fall  and  are  included  in  the 
yearly  summary. 

Hydrologic  Data  -  In  a  joint  venture  with  the  California  State 
Department  of  Water  Resources,  the  Bureau  of  Reclamation  in  1957  conducted 
a  hydrologic  study  of  the  Sacramento  River  and  Delta  region.   A  comprehensive 
record  of  monthly  flows  are  presented  in  the  report  entitled  "Joint 
Hydrologic  Study,  Sacramento  River  and  Sacramento-San  Joaquin  Delta",  (1957). 

Yolo-Zamora  -  Following  authorization  of  the  Solano  Project  and  of 
the  Sacramento  River  Division  of  the  Central  Valley  Project  (Sacramento 
Valley  Canals)  in  1950,  local  interests  within  the  Yolo-Zamora  district 
directed  their  efforts  toward  a  single  purpose  project  of  importing  water 
from  the  Sacramento  River  to  ease  the  district's  groundwater  overdraft 
situation.   The  Bureau  of  Reclamation  in  June,  1958,  published  a  feasibility 
report  on  this  proposed  project  entitled,  "Yolo-Zamora  Unit,  Central  Valley 
Project,  California". 

More  recently,  the  Bureau  has  proposed  a  project  which  would  extend 
the  now  authorized  Tehama-Colusa  Canal  through  Yolo  County  supplementing 
the  needs  of  the  Yolo-Zamora  district  and  other  water  districts  within  Yolo 
and  Solano  Counties.   This  project,  outlined  in  the  "West  Sacramento  Canal 
Unit,  Central  Valley  Project,  A  Report  on  the  Feasibility  of  Water  Supply 
Development"  (1964),  would  enlarge  the  authorized  section  of  the  Tehama- 
Colusa  Canal  from  Funks  Creek  in  Colusa  County  to  Bird  Creek  in  Yolo  County, 
then  extend  through  Yolo  County  to  Cannon  Reservoir  in  Solano  County.   Also 
included  in  this  report  are  a  general  areal  description  of  Yolo  County, 
current  and  projected  land  use,  population  and  water  consumption  data. 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 

The  principal  study  by  the  United  States  Department  of  Agriculture 
(USDA)  relating  to  Yolo  County  was  a  soil  survey  evaluating  the  kinds  of 
soil,  their  location,  and  their  uses  within  the  County. 

This  study  was  conducted  in  cooperation  with  the  University  of 
California  Agricultural  Experiment  Station  and  published  in  a  bulletin 
entitled  "Soil  Survey  of  Yolo  County,  California",  (1972).   This  report 
presents  soil  classification  and  soil  maps  of  Yolo  County  and  is  directed 
to  agriculturalists  and  others  interested  in  soil  management  practices. 
For  the  various  types  of  soil  present,  the  suitability  of  different  crops 
is  projected  considering  the  climatic  requirements  and  probable  yield. 

UNITED  STATES  GEOLOGICAL  SURVEY 

The  United  States  Geological  Survey  (USGS)  engaged  in  a  number  of 
investigations  which  involved  analyses  of  the  local  geology,  the  location 
and  storage  capacity  of  water-bearing  strata,  estimated  agricultural  ground- 
water pumpage,  and  measured  stream  flow  quantities. 

Geologic  Features  -  The  Geological  Survey  published  a  report  entitled, 
"Water  Supply  Paper  //U97,  Geologic  Features  and  Ground  Water  Storage  Capacity 
of  the  Sacramento  Valley,  California",  (1961).   It  contains  a  detailed 
analysis  of  the  geology  of  the  Sacramento  Valley  and  a  geologic  mapping 
of  all  water-bearing  deposits.   The  valley  was  divided  into  numerous  basins 
(i.e.,  Putah,  Cache,  etc.),  and  approximations  were  made  for  the  depths 
at  which  water  is  located  and  the  quantity  available  in  each  basin,  based 
primarily  on  well  drillers'  logs. 
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Pumpage  Data  -  The  Geological  Survey  published  groundwater  pumpage 
data  for  Yolo  County  during  the  years  1966-68  in  the  publication  "Ground- 
water Pumpage  in  Parts  of  Yolo,  Sacramento,  Solano,  Sutter,  Colusa,  and 
Napa  Counties,  California,  1966-68"  (1971).   Calculations  were  based 
on  recorded  pumpages  and  on  electric  power  consumption  for  agricultural 
wells.   The  pumpage  figures  are  reported  by  township  in  acre-feet  per  year 
which  can  be  used  to  obtain  total  water  extracted  from  any  area  or  basin. 

Surface  Water  Records  -  Stream  flow  measurements  along  Cache  Creek 
are  recorded  by  the  Geological  Survey's  gaging  stations  located  above  Rumsey, 
at  Capay  and  at  Yolo.   A  daily  summary  of  these  flows  can  be  found  in 
"Water  Resources  Data  of  California,  Surface  Water  Records",  for  each  water 
year. 

STATE  OF  CALIFORNIA 

The  California  Department  of  Water  Resources  (DWR)  and  its  predecessor 
agencies  have  participated  in  a  number  of  investigations  involving  Yolo 
County.   The  principal  investigations  relative  to  this  study  included  all 
or  portions  of  the  County  as  parts  of  larger  study  areas. 

Putah  Creek  Cone  -  Rapid  increases  in  the  use  of  ground  water  in 
the  Putah  Creek  area  following  World  War  II  resulted  in  authorization  and 
financing  of  the  State  Department  of  Public  Works,  Division  of  Water  Resources' 
"Putah  Creek  Cone  Investigation"  by  the  State  Legislature  in  1951.   This 
study,  completed  and  published  in  December,  1955,  investigated  present  and 
future  water  supply,  water  needs,  and  problems  of  ground  water  availability 
and  recharge.   The  Cone  area  extends  from  the  western  border  of  Yolo  County 
to  the  Yolo  Bypass  on  the  east  and  from  north  of  Cache  Creek  to  the  southern 
border  of  Solano  County. 
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This  report  also  evaluated  the  potential  Impact  of  the  following  water 

plans  on  this  area: 

-  California  Water  Plan  (State  Water  Resources  Board) 

-  Central  Valley  Project  (U.S.  Bureau  of  Reclamation) 

-  Solano  Project  (U.S.  Bureau  of  Reclamation) 

-  Various  dam  sites  along  Cache  Creek  and  developing  storage 
on  the  stream  (State  Water  Resources  Board). 

TWO  major  conclusions  were  that  in  Yolo  County  a  definite  groundwater 
overdraft  situation  exists,  and  that  impairment  of  Putah  Creek  percolation 
may  result  due  to  insufficient  releases  and  operating  methods  of  Monticello 
and  Putah  Diversion  Dams. 

Hydrologic  Data  -  The  Department  of  Water  Resources  has  been  publishing 
hydrologic  data  of  Northern  California  on  a  yearly  basis.   These  publications 
from  1959-62  are  entitled,  "Bulletin  Series  #77,  Ground  Water  Conditions 
in  Central  and  Northern  California"  and  from  1963  are  entitled,  "Bulletin 
Series  #130,  Hydrologic  Data,  Volume  II:   Northeastern  California".   These 
bulletins  include  surface  water  flows,  groundwater  levels,  water  quality, 
and  climatic  conditions. 

The  data  measurements  are  made  by  various  agencies  including  the 
Department  of  Water  Resources,  U.S.  Bureau  of  Reclamation,  U.S.  Geological 
Survey  and  local  water  districts. 

The  Department  of  Water  Resources  has  also  prepared  groundwater  level 
maps  for  Northern  California  from  the  measurements  of  water  levels  in  wells 
which  are  not  included  in  these  bulletins. 
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PRIVATE  AGENCIES 

A  few  studies  by  private  agencies  involving  Yolo  County  have  been 
initiated  by  County  organizations  to  assess  the  availability  of  present 
and  future  ground  and  surface  waters. 

Cache  Creek  Project  -  The  joint  venture  firm  of  McCreary-Koretsky 
and  Hill  published  a  feasibility  report  on  water  supply  development  for  the 
Cache  Creek  service  area  entitled,  "Feasibility  Report  on  Proposed  Cache 
Creek  Project"  (1963). 

The  main  objective  of  this  report  was  to  consider  every  possible  alternate 
source  of  water  supply  development  in  the  Cache  Creek  Basin  to  meet  the 
present  and  long-range  agricultural  and  urban  water  requirements.  A  plan 
of  development  along  with  engineering  and  construction  costs  of  the  suggested 
Cache  Creek  project  is  included  in  this  report. 

The  first  step  of  the  recommended  project  plan  was  to  construct  the 
now  recently-completed  Indian  Valley  Dam  and  Reservoir  to  provide  both  flood 
control  and  supplemental  Cache  Creek  waters  to  the  Cache  Creek  Service  area. 

Precipitation  Data  -  Precipitation  data  for  each  city  and  basin 
within  Yolo  County  is  not  recorded,  but  is  required  in  assessing  the  present 
and  future  supply  of  ground  and  surface  waters  available  for  consumption. 
For  this  reason  the  County  of  Yolo  initiated  a  study  conducted  by  Water 
Resources  Engineers,  Inc.  entitled,  "Basic  Hydrology  and  Drainage  Design 
Procedure"  to  develop  a  method  of  estimating  precipitation  and  storm  runoff 
quantities  in  local  sections  of  the  County.   A  relationship  was  presented 
in  this  report  which  provides  for  extrapolation  of  known  hydrologic  con- 
ditions in  the  base  area,  the  city  of  Davis. 
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Chapter  6     Description  of  Area 


Geography 

Yolo  County  is  located  in  the  southwest  corner  of  the  Sacramento 
Valley.   Boundaries  of  the  County  are  Colusa  and  Lake  Counties  on  the  north, 
the  Sacramento  River  (Sutter  and  Sacramento  Counties)  on  the  east,  Putah 
Creek  and  Solano  County  on  the  south,  and  the  crest  of  the  Coast  Range 
(Lake  and  Napa  Counties)  on  the  west.   Yolo  County  covers  a  land  surface 
of  661,760  acres  or  1034  square  miles.   Elevations  range  from  near  sea 
level  in  the  southeastern  parts  of  the  County  to  3000  feet  along  the  western 
boundary. 

The  County  is  composed  of  five  basic  geomorphic  units  or  classifications: 
1)  flood  plains,  2)  flood  basins,  3)  alluvial  plains  and  low  fans,  4)  low 
hills  and  dissected  terraces,  and  5)  uplands  of  the  Coast  Range.   Generally, 
these  units  or  classifications  rise  in  elevation  from  east  to  west  across 
the  County  in  the  order  listed. 

The  flood  plains,  and  the  natural  levees  associated  with  them,  are 
located  to  a  large  extent  along  the  Sacramento  River,  which  has  also  been 
bounded  by  artificial  levees  and  dikes,  and  to  a  slight  extent  along  Putah 
and  Cache  Creeks.   Broad  natural  levees  along  the  Sacramento  River  slope 
upward  away  from  the  riverbed  in  a  concave  fashion.   The  riverward  slopes 
of  the  levees  are  steep,  and  the  surface  of  the  river  may  be  as  high  or 
higher  than  the  land  surface  immediately  beyond  the  levees.   The  landward 
sides  of  the  natural  levees,  called  flood  plains,  are  typically  quite  narrow 
on  the  western  side  of  the  river  and  have  been  modified  to  develop  agri- 
cultural land.   The  flood  plains  are  mainly  significant  in  that  the  com- 
munities of  West  Sacramento  and  Broderick  are  located  on  them. 


-17- 


Adjoining  the  flood  plains  are  flood  basins,  low,  nearly  flat,  poorly 
drained  lands  located  between  natural  levees  and  low  alluvial  fans.   Yolo 
County  has  two  large  flood  basins:   Colusa  basin  in  the  north  and  Yolo  basin, 
which  extends  from  east  of  Woodland  southward  to  the  Solano  County  line. 
Several  smaller  isolated  flood  basins  occur  on  the  alluvial  plains  where 
the  land  surface  has  been  slightly  depressed  or  where  drainage  has  been 
blocked  by  small  ridges.   Presently,  most  of  the  Yolo  basin  is  traversed 
in  a  north-south  direction  by  the  Yolo  Bypass,  an  artificial  channel  which 
receives  flood  waters  from  the  Sacramento  River  and  Putah  and  Cache  Creeks 
and  drains  to  the  upper  reaches  of  the  Sacramento  River  Delta  in  the  south- 
eastern corner  of  the  County. 

The  flood  basins  contain  small  depressions  and  low  ridges  formed  by 
tributaries  that  empty  into  the  basins.   A  ridge  formed  by  Cache  Creek 
extends  from  the  Dunnigan  Hills  nearly  to  Knights  Landing,  on  the  Sacramento 
River,  and  separates  the  Colusa  basin  from  the  Yolo  basin. 

An  alluvial  plain  and  low  fans  border  the  flood  basins  to  the  west 
of  the  basins  and  extend  north-south  throughout  the  County.   The  plain  is 
about  2  miles  wide  near  Dunnigan  and  widens  as  it  extends  southward  to  the 
County  line.   This  plain  is  joined  by  two  large  alluvial  fans  from  the  west, 
formed  by  the  deposition  of  stream  sediments  eroded  from  the  Coast  Range. 
Most  of  the  prime  agricultural  lands  in  Yolo  County  are  located  on  alluvial 
plains  or  fans.   In  addition,  the  cities  of  Davis  and  Woodland  are  located 
on  alluvial  fans. 

Rising  fairly  abruptly  above  the  alluvial  plain  and  fans  are  low  hills 
and  dissected  terraces.   These  include  the  Dunnigan  Hills,  the  Rumsey  Hills, 
and  the  foothills  of  the  eastern  slope  of  the  Coast  Range  which  extend  from 
the  north  end  of  Capay  Valley  to  the  Solano  County  line.   Also  included 
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are  a  few  knolls,  known  as  the  Plalnfield  Ridge,  which  project  above  the 
valley  plain  southwest  of  Woodland. 

Above  the  low  hills  and  dissected  terraces  rises  a  narrow  segment  of 
rugged  terrain,  the  uplands  of  the  Coast  Range.   These  areas  consist  of 
several  northwestern  trending  ridges  and  intervening  valleys  and  steep 
uplands.   Elevations  range  from  2500  to  3000  feet  along  the  crest  of  the 
Coast  Range,  which  forms  the  western  edge  of  the  County.   These  mountains 
have  a  great  influence  on  the  climatology  and  geology  of  the  County  as  well 
as  on  other  aspects  of  the  environment  of  Yolo  County. 

Climatology 

Yolo  County  has  warm  to  hot,  dry  summers  and  moderately  cool   and  moist 
winters.   The  topography  of  the  County  greatly  influences  its  climate. 
Most  of  the  precipitation  in  the  County  is  a  result  of  storms  which  originate 
over  the  Pacific  and  pass  eastward  and  southeastward  over  the  Sacramento 
Valley.   Due  to  the  orographic  effects  of  the  Coast  Range,  the  average 
precipitation  in  the  westerly  portion  of  the  County  is  much  higher  than 
on  the  Valley  floor. 

Average  annual  rainfall  in  the  County  ranges  from  16  inches  on  the 
Valley  floor  to  25-30  inches  in  the  uplands  of  the  Coast  Range.   Ninety 
percent  of  the  rainfall  in  the  County  occurs  during  the  months  of  November 
through  April  with  peak  rainfall  between  December  and  March  and  virtually 
no  precipitation  during  the  period  June  through  September.   Snowfall  and 
a  snowpack  are  virtually  negligible  in  Yolo  County.   Snowfall  does  occur 
in  the  upland  areas  of  the  Coast  Range;  and,  on  rare  occasions,  snow  has 
been  experienced  on  the  valley  floor  where  it  usually  melts  within  a  few 
hours  of  the  storm. 
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The  average  annual  temperature  is  62  degrees  Farenheit.  Average 
daytime/night  time  temperatures  range  from  72  to  30  degrees  Farenheit  in  the 
winter  and  from  100  to  50  degrees  Farenheit  in  the  summer.   Recorded  temper- 
atures have  reached  a  high  of  116  degrees  Farenheit  in  the  summer  months 
and  a  low  of  11  degrees  Farenheit  in  January. 

The  average  growing  season  in  the  greater  central  portion  of  the  County 
is  245-250  days  per  year. 

Land  Use 

Land  utilization  in  Yolo  County  can  be  divided  into  four  general 
classifications : 

-  irrigated  agriculture 

-  non-irrigated  agriculture 

-  native  vegetation 

-  urban  and  industrial  development. 

Over  60  percent  of  the  total  land  in  the  County  is  devoted  to  agricultural 
production  and  about  two-thirds  of  the  agricultural  acreage  is  irrigated. 
Native  vegetation  occupies  approximately  35  percent  of  County  land  and  the 
remaining  4  percent  is  devoted  to  urban  and  industrial  development. 

Detailed  estimates  of  acreages  devoted  to  all  crops,  particularly 
irrigated  crops,  were  made  in  order  to  estimate  water  requirements  for 
irrigated  agriculture  at  various  points  in  time.   A  discussion  of  these 
is  presented  in  Chapter  7.  Similarly,  population  projections  from  several 
sources  were  reviewed  for  use  in  estimating  municipal  and  industrial  water 
requirements.   A  discussion  of  these  follows. 

Population 

Independent  County-wide  population  projections  for  Yolo  County  have 
been  made  by  the  California  Department  of  Finance,  the  Yolo  County  Planning 
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Department,  the  Sacramento  Regional  Area  Planning  Commission,  and  the  Pacific 
Telephone  Company.   In  addition,  population  projections  have  been  prepared 
by  the  cities  of  Davis,  Winters,  and  Woodland,  and  by  the  County  Planning 
Department  for  the  East  Yolo  area. 

For  purposes  of  this  study,  an  analysis  of  the  population  projections 
for  the  three  cities,  the  East  Yolo  area,  and  the  balance  of  the  unincorpo- 
rated areas,  assumed  to  remain  relatively  constant,  was  made.   This  analysis 
provided  information  which  served  as  a  basis  for  calculation  of  municipal 
and  industrial  water  use  and  requirements.   Population  projections  for  the 
County  are  summarized  in  Figure  6.1. 
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Chapter  7     Surface  Water 

The  total  water  resources  of  the  County  include  both  surface  and  ground 
waters.   While  the  main  focus  of  this  investigation  is  ground  water,  the 
surface  waters  of  the  County  were  also  considered  because  of  their  contribu- 
tion to  water  supply,  groundwater  recharge,  and  potential  conjunctive  use 
management. 

SURFACE  WATER  BASINS 

General  Hydrology 

The  surface  waters  of  Yolo  County  can  generally  be  considered  to  be 
waters  either  resvilting  from  precipitation  and  subsequent  runoff  within 
the  County  or  flowing  into  the  County  via  natural  streams  or  man-made  systems. 
The  principal  surface  water  supplies  of  Yolo  County  include  the  numerous 
creeks  and  streams  which  flow  from  the  Coast  Range  and  foothills  into  the 
valley  portion  of  the  County  as  well  as  the  major  streams:   Cache  Creek, 
Putah  Creek,  the  Sacramento  River,  and  the  Colusa  Basin  Drainage  Canal. 

The  climatology  and  geography  of  Yolo  County  influence  the  charac- 
teristics of  surface  waters  in  different  ways.   Precipitation  in  the  County 
occurs  mainly  as  a  result  of  cyclonic  storm  fronts  and  most  of  the  rainfall 
occurs  during  6  to  12  hour  periods.   Precipitation  influences  surface  water 
hydrology  over  relatively  short  periods.   Little  rainfall  is  retained  in 
the  mountainous  areas  due  to  the  nature  of  the  soils  and  slopes,  and  high 
percentages  of  runoff  result.   In  most  areas  of  the  County,  runoff  reaches 
large  streams,  such  as  Cache  Creek  or  Putah  Creek,  soon  after  reaching  the 
alluvial  plains  and  thus  intermingles  with  waters  flowing  from  outside  the 
County. 


-23- 


Surface  flows  from  outside  the  County  have  a  significant  impact  on 
surface  water  hydrology  throughout  the  year.   Winter  rainfall  is  stored 
in  reservoirs  outside  the  County  and  released  through  the  siommer  months 
to  streams  flowing  through  or  bordering  the  County:   releases  from  Lake 
Berryessa  to  Putah  Creek,  and  releases  from  Clear  Lake  and  the  newly  con- 
structed Indian  Valley  Reservoir  to  Cache  Creek.   The  Colusa  Basin  Drainage 
Canal  carries  a  relatively  constant  supply  of  water  into  the  County  throughout 
the  year.   The  Sacramento  River  is  marked  by  high  flows  in  the  winter  and 
spring  months  and  diversions  for  irrigation  are  made  from  the  River  to  the 
Yolo  Bypass  area  during  the  summer. 

Since  waters  originating  inside  and  outside  the  County  ultimately 
commingle,  they  cannot  be  distinguished  as  unique  entities.   To  study  surface 
water  in  detail,  the  County  was  divided  into  five  runoff  basins,  or  units; 

Colusa  Basin 

Cache  Creek  Basin 

-  Willow  Slough  Basin 
Putah  Creek  Basin 

-  East  Yolo  Basin 

Tliese  surface  water  basins  are  basically  the  surface  areas  or  watersheds 
associated  with  the  major  drainage  courses  in  the  County.  The  locations 
and  boundaries  of  the  basins  are  given  in  Figure  7.1. 

Colusa  Basin 

The  Colusa  Basin  extends  from  the  County  line  on  the  north  to  Cache 
Creek  on  the  south  and  from  the  Dunnigan  Hills  on  the  west  to  the  Sacramento 
River  on  the  east.   The  main  drainage  course  in  the  basin  is  the  Colusa 
Basin  Drainage  Canal,  a  man-made,  dirt  lined  channel  that  provides  flood 
control,  drainage,  and  some  irrigation  supply  to  the  eastern  portion  of 
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Colusa  County  and  the  northeastern  portion  of  Yolo  County.   The  length  of 
the  Canal  from  the  Yolo  County  line  to  its  spill  into  the  Sacramento  River 
is  approximately  15  miles.  A  small  portion  of  the  flow,  diverted  to  the 
Knights  Landing  Ridge  cut,  one-half  mile  above  Knights  Landing,  flows  into 
the  Yolo  Bypass. 

Only  two  gaging  stations  are  located  on  the  Canal:   one  near  Colusa 
and  the  other  at  Knights  Landing. 

Cache  Creek  Basin 

This  Basin  includes  the  northwestern  part  of  the  County  and  roughly 
parallels  Cache  Creek  to  the  Community  of  Yolo.   Cache  Creek,  the  principal 
surface  water  feature  of  the  basin,  drains  over  1100  square  miles  of  water- 
shed, over  900  of  which  are  outside  the  County. 

Cache  Creek  flows  eastward  from  Clear  Lake  through  the  Coast  Range, 
southeastward  through  the  Capay  Valley,  and  then  eastward  again  past  Woodland 
and  into  the  Yolo  Bypass.   Cache  Creek  is  fed  by  major  tributaries,  the  North 
Fork  and  Bear  Creek,  as  well  as  by  numerous  small  streams  heading  in  the 
Coast  Range. 

Clear  Lake  Dam,  at  the  head  of  Cache  Creek,  was  constructed  in  1914 
at  the  outlet  of  Clear  Lake,  a  natural  lake  prior  to  construction  of  the 
dam.   The  operation  of  the  dam  which  controls  releases,  is  governed  by  the 
Gopcevic  and  Bemmerly  Decrees.   Active  storage  in  the  Lake  is  limited  to 
approximately  314,000  acre-feet  and  produces  an  average  annual  yield  of 
140,000  acre-feet. 

Indian  Valley  Dam  and  Reservoir  was  completed  in  1975  on  the  North 
Fork  of  Cache  Creek,  11  miles  upstream  from  the  confluence  of  the  North 
Fork  and  Cache  Creek.   The  gross  capacity  of  the  reservoir  is  300,000  acre- 
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feet  of  which  40,000  acre-feet  are  reserved  for  flood  control.   The  design 
annual  yield  is  48,000  acre-feet. 

Historically,  diversions  from  Cache  Creek  for  irrigation  date  back 
to  1856.   The  Capay  Dam,  located  just  above  Capay  on  Cache  Creek,  diverts 
water  into  the  Adams  Canal  to  the  north  and  Winters  Canal  to  the  south. 
The  dam  is  a  concrete  gravity  structure  400  feet  long  and  about  16  feet 
high.   The  diversion  dam,  the  conveyance  facilities  and  Clear  Lake  and  Indian 
Valley  Dams  are  presently  owned  and  operated  by  the  YCFCWCD. 

Gaging  stations  along  Cache  Creek  are  located:   1)  below  Clear  Lake 
Dam,  2)  on  North  Fork,  3)  on  Bear  Creek,  4)  above  Rumsey,  5)  at  Capay  Diver- 
sion Dam,  and  6)  at  Yolo.   There  are  no  gaging  stations  on  Cache  Creek  to 
record  outflows  to  the  Yolo  Bypass.   Since  this  flow  is  important  in  analyzing 
the  water  resources  of  the  basin,  estimates  are  required. 

Willow  Slough  Basin 

Willow  Slough  Basin  is  located  entirely  within  Yolo  County.   It  extends 
between  Cache  and  Putah  Creeks  from  the  Coast  Range  on  the  west  to  the  Yolo 
Bypass  on  the  east.   The  principal  drainage  course  is  Willow  Slough,  which 
flows  eastwardly  between  Woodland  and  Davis,  receives  winter  runoffs  and 
summer  irrigation  drainage  from  the  entire  central  portion  of  the  County 
and  spills  into  the  Yolo  Bypass.   The  sources  of  water  in  this  area  are 
runoff  from  the  foothills  and  south  central  portion  of  the  County  and 
diversions  from  Cache  Creek  at  Capay. 

Willow  Slough  is  fed  by  several  canals,  irrigation  ditches,  and  small 
streams  and  flow  is  often  sporadic.  Measurements  of  flow  are  not  made, 
and  limited  water  quality  monitoring  has  recently  been  started. 
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Putah  Creek  Basin 

Putah  Creek  Basin  extends  from  the  Coast  Range  to  the  Yolo  Bypass 
and  roughly  parallels  Putah  Creek.   Much  of  the  drainage  area  of  Putah  Creek 
is  located  outside  of  Yolo  County.   Putah  Creek,  the  major  surface  water 
feature  of  the  basin,  heads  in  the  St.  Helena  Mountains,  flows  eastward 
into  and  out  of  Lake  Berryessa,  has  a  diversion  works  west  of  Winters, 
and  ultimately  spills  into  the  Yolo  Bypass.   Putah  Creek  flows  are  regulated 
by  releases  from  Monticello  Dam  and  the  Putah  Creek  Diversion  Dam. 

The  Diversion  Dam  diverts  water  to  the  Putah  South  Canal  primarily 
for  use  in  Solano  County.   There  are  also  some  pumped  diversions  along 
the  Creek  but  these  amount  to  only  a  small  fraction  of  total  released 
flow. 

Gaging  stations  along  Putah  Creek  are  located:   1)  at  the  outlet 
of  Monticello  Dam,  2)  at  the  USGS  station  two  miles  below  Monticello  Dam, 
3)  at  Pleasants  Creek  above  Winters,  4)  at  the  Putah  South  Canal  diversion, 
5)  at  the  Putah  Creek  Dam  outlet,  6)  three  miles  below  Winters,  7)  seven 
miles  above  Davis,  and  8)  on  the  South  Fork  of  Putah  Creek  near  Davis. 

East  Yolo  Basin 

The  Yolo  Bypass  is  the  ultimate  catch-basin  for  the  County.   Cache 
Creek,  Knights  Landing  Ridge  Cut,  Willow  Slough  and  Putah  Creek,  as  well 
as  Sacramento  River  flood  flows,  which  are  allowed  to  spill  at  the  Fremont 
and  Sacramento  Weirs,  all  contribute  to  the  flow  of  the  Yolo  Bypass,  which 
ultimately  conveys  the  flows  to  the  upper  reaches  of  the  Delta  at  Cache 
and  Prospect  Sloughs. 

Winter  and  spring  flows  in  the  Bypass  are  very  large  due  to  the  spills 
at  the  Fremont  and  Sacramento  Weirs.   These  sources  contribute  no  flow 
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in  the  summer  and  fall  months,  and  the  flow  during  this  period  is  infini- 
tesimal compared  to  the  balance  of  the  year.   During  the  summer  and  fall 
months  the  land  in  the  Bypass  is  utilized  for  agriculture. 

Gaging  stations  of  importance  are  located:  1)  at  Fremont  Weir,  2) 
at  Sacramento  Weir,  3)  at  Yolo  on  Cache  Creek,  4)  in  the  Bypass  east  of 
Woodland,  and  5)  on  the  South  Fork  of  Putah  Creek  near  Davis. 

Sub-basins  of  Colusa,  Cache  Creek,  and  Willow  Slough  Basins 

To  effectively  analyze  the  various  components  of  surface  water  hydrology 
in  each  basin,  the  Colusa,  Cache  Creek,  and  Willow  Slough  Basins  were 
divided  into  eleven  sub-basins  such  that  each  were  relatively  constant 
in  characteristics  such  as: 

-  hydrologic  soil  group 

-  runoff  potential 

-  small  deviation  from  mean  seasonal  precipitation 

-  surface  area 

-  land  utilization 

-  availability  and  location  of  gaging  stations. 

The  Putah  Creek  and  East  Yolo  Basins  were  not  subdivided  due  to  their 
relatively  constant  physical  characteristics.   The  sub-basins  were  utilized 
to  facilitate  the  evaluation  of  the  County's  surface  waters. 
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STUDY  PERIOD 

Historically,  recorded  data  relative  to  both  surface  and  ground  water 
has  increased  with  time.   Some  groundwater  level  information  dates  back 
about  50  years,  with  a  greater  number  of  wells  being  monitored  in  the  last 
10  to  20  years.   In  addition,  groundwater  quality  data  is  available  for 
the  past  20  years.   This  information  provided  the  basis  for  development 
of  the  history  of  groundwater  quantity  and  quality  in  the  County. 

For  purposes  of  evaluating  current  hydrologic  conditions  in  the  County 
and  applying  them  to  a  base  year,  1970,  a  study  period  from  1963  to  1972 
was  chosen.   Selection  of  this  study  period  was  based  on  several  facts, 
namely:   the  period  was  recent  enough  to  include  relatively  complete  and 
current  data;  relatively  constant  hydrologic  conditions  occurred  at  the 
beginning  and  end  of  the  period;  and  a  wide  range  of  hydrologic  conditions 
occurred  within  the  period  which  represented  historic  occurrences.   Average 
precipitation  and  streamflow  during  the  study  period  were  about  seven 
percent  above  long  term  County-wide  averages. 

Forecasts  of  water  requirements  and  groundwater  conditions  are  presented 
for  two  time  horizons.   The  period  between  the  base  year,  1970,  and  1990 
was  chosen  as  a  time  period  within  which  relatively  firm  forecasts  could 
be  made.   The  period  from  1990  to  2020  was  included  in  developing  less  detailed 
long  range  trends  and  plans.   Due  to  potential  technological  and  economic 
changes,  the  analysis  for  this  period  was  not  made  in  detail.   Hence, 
emphasis  in  this  investigation  was  placed  on  the  time  period  between  1970 
and  1990. 
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SURFACE  WATER  EVALUATION 

A  surface  water  evaluation  consists  of  accounting  for  all  flows  on 
an  annual  basis  in  a  given  basin.   This  analysis  included  consideration 
of  flows  on  the  surface  and  water  below  the  surface  to  an  arbitrary  root 
depth  of  five  feet.   The  difference  between  surface  water  inflows  and 
outflows,  for  each  basin  and  for  the  County  as  a  whole,  must  equal  any 
net  change  in  surface  water  storage.   In  Yolo  County,  there  is  no  storage 
of  surface  water  and  no  associated,  periodic  changes  in  surface  water 
storage. 

Surface  water  inflows  include: 
precipitation 

-  stream  inflows 

-  diversions  and  spills 
groundwater  pumpage 

Surface  water  outflows  include: 

-  stream  outflows 
diversion  outflows  or  spills 

-  consumptive  use 

-  deep  percolation 

Evaluation  of  surface  waters,  based  on  the  above  variables,  was  cal- 
culated for  each  surface  water  basin.   These  surface  water  flows  were  then 
realigned  to  coincide  with  the  groundwater  basins  (Figure  8.1)  discussed 
below.   A  summary  of  surface  water  movement,  relative  to  the  groundwater 
basins,  is  presented  in  Table  7.1.   Discussion  of  the  individual  variables 
follows. 
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Precipitation 

Precipitation  data  is  scarce  in  many  parts  of  Yolo  County.   As  a 
result,  a  proportionality  method  was  utilized  to  calculate  total  volumes 
of  precipitation  in  any  given  basin  or  sub-basin. 

The  proportionality  method  is  based  on  the  availability  of  historically 
developed  isohyetal  maps  for  the  County  and  historical  records  of  precipi- 
tation at  one  key  location.   Records  for  Davis  were  selected  as  the  base. 
A  geographical  factor,  G,  was  defined  as: 


MSP 

c  = i 

MSPj^ 


where 

MSP  =  mean  seasonal  precipitation  of  any  basin 


X 


MSP  =  mean  seasonal  precipitation  at  Davis. 

Mean  seasonal  precipitation  at  Davis  was  based  on  historical  records; 
in  each  basin,  it  was  calculated  from  isohytel  maps  and  appropriate  basin 
surface  area.   Seasonal  precipitation,  P,  for  any  given  year  and  any  basin 
is  then  calculated  from  the  relationship 
P  =  G  .  Pjj 

where 

P  =  seasonal  precipitation  in  Davis  for  any  given  year. 
A  summary  of  precipitation  for  the  study  period  1963-1972  is  included  in 
Table  7.1. 

Stream  Inflows  and  Outflows 

Records  of  stream  flow  measurements  are  available  for  the  major  water- 
courses in  the  County,  Cache  and  Putah  Creeks,  Colusa  Basin  Drain,  and 
Yolo  Bypass.   These  records  were  used,  where  appropriate,  to  account 
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for  surface  water  flows  into  and  out  of  various  basins.   In  other  cases, 
where  no  data  are  available,  stream  flows  were  treated  as  unknowns  in 
a  set  of  equations  and  calculated  from  these  equations. 

Diversions  and  Spills 

Diversions  are  made  from  surface  watercourses  into  distribution 
facilities  or  onto  farms  for  irrigation.   In  some  cases,  spills  from  distri- 
bution systems  to  a  watercourse  are  a  necessary  part  of  operation.   Diver- 
sions and  spills  in  Yolo  County  include: 

-  Cache  Creek  above  the  YCFCWCD 

-  Cache  Creek  within  the  YCFCWCD 

-  Putah  Creek 

-  Sacramento  River 

-  Colusa  Basin  Drain. 

Surface  water  applied  for  agriculture  is  approximately  equal  to  the  amount 
diverted  except  within  the  YCFCWCD  where  the  extensive  distribution  system 
is  responsible  for  about  a  20%  loss  to  seepage  and  spills.   Records  of 
diversions  and  spills  are  maintained  by  various  operators  and  agencies  and 
were  used  in  this  investigation. 

Groundwater  Pumpage 

No  direct  measurement  of  groundwater  pumpage  has  been  or  is  being 
made  as  of  1975.   Two  estimates  have  been  made  -  by  the  USGS  for  1966-1968 
and  the  DWR  for  1960-1970. 

The  USGS  estimate  was  based  on  an  analysis  of  power  consumption  for 
pumping  throughout  the  County.   While  this  estimate  did  account  for  seasonal 
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variations,  significant  increases  in  irrigated  acreage  and  pumping  have 
occurred  since  1968.   As  a  result,  the  USGS  estimate  is  out  of  date. 

The  DWR  estimate  is  based  on  land  use  data  and  corresponding  ir- 
rigation demands  in  1960  and  in  1970.   It  was  assumed  that  data  for  these 
two  years  could  be  projected  on  the  basis  of  a  linear  relationship.   Such 
an  assumption  does  not  account  for  seasonal  or  longer  term  cyclic  vari- 
ations in  pumping.   Therefore,  the  DWR  estimate  was  used  as  a  reference 
base  but  was  not  considered  suitable  for  assessing  current  or  future 
conditions. 

Further  discussion  of  current  and  projected  pumpage  figures  is 
included  in  Chapter  8. 
Consumptive  Use 

Consumptive  use  is  defined  as  the  total  quantity  of  water  used  in 
transpiration  or  building  of  plant  tissue  plus  that  evaporated  from  the 
soil.   Consumptive  use  also  includes  municipal  and  industrial  consumption. 
Consumptive  use  is  thus  based  on  acreages  in  various  land  uses,  appropriate 
evapotranspiration  requirements,  irrigation  efficiencies,  water  reuse,  and 
municipal  and  industrial  consumption.   A  detailed  discussion  of  these  para- 
meters is  presented  under  Water  Requirements. 

Deep  Percolation 

Deep  percolation  is  that  water  which  moves  as  unsaturated  flow  beyond 
the  rooting  depth  down  to  the  water  table.   Deep  percolation  includes  in- 
filtration from  a  surface  water  course.   Direct  measurement  of  deep  perco- 
lation is  not  feasible  and  calculations  based  on  theories  are  doubtful 
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since  field  conditions  do  net  fit  the  necessary  assumptions.   As  a  result, 
deep  percolation  was  calculated  from  an  overall  balance  of  surface  and 
ground  waters. 


P 
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WATER  REQUIREMENTS 

The  total  applied  water  requirement  for  a  given  basin  is  defined 
as  the  sum  of  the  water  requirements  for  agricultural  (irrigation),  and 
municipal  (domestic  and  industrial)  purposes.   Applied  water  requirements 
in  Yolo  County  are  met  by  a  combination  of  groundwater  pumpage,  surface 
water  diversions,  and  recaptured  runoff. 

Agricultural  and  municipal  water  requirements  were  evaluated  for 
a  base  year,  1970.   Projected  requirements  for  1990  were  calculated  on 
the  assumption  that  supplemental  imported  water  may  or  may  not  be  available 
in  the  County.   Projections  for  2020  were  calculated  on  the  assumption 
that  supplemental  imported  water  will  be  available  in  the  County  by  then. 
For  continuity  with  the  groundwater  analysis,  water  requirements  discussed 
below  are  summarized  by  groundwater  basin. 

Agricultural  Water  Requirements 

Applied  water  requirements  for  irrigated  agriculture  are  affected 
by  crop  acreages,  consumptive  use  by  specific  crops,  irrigation  efficien- 
cies, water  reuse,  and  contributions  by  rainfall. 

Crop  acreages  in  Yolo  County  in  1970  were  based  on  data  from  the 
Census  of  Agriculture  published  by  the  U.S.  Department  of  Commerce, 
Bureau  of  the  Census,  from  the  Yolo  County  Agricultural  Crop  Report  (1970), 
published  by  the  Yolo  County  Department  of  Agriculture,  and  from  the  Yolo 
County  Cooperative  Extension  Farm  Advisor. 

Water  consumption  by  a  given  crop  is  the  product  of  the  area  and 
the  evapotranspiration  requirement  of  the  crop.   Considering  that  some 
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precipitation  is  retained  in  the  soil  and  utilized  by  the  crop,  water 
consumption  is  given  by 


Q  =  A  X  (ET  -  ET  ) 
^c    c      c     p 


where 

Q   is  the  applied  water  consumed  by  a  crop 

A   is  the  crop  area 

ET  is  the  total  evapotranspiration  requirement  of  the  crop 

ET  is  the  contribution  to  total  evapotranspiration  supplied  by 
precipitation  retained  in  the  soil. 
Calculation  of  water  consumption  was  based  on  cropping  patterns  described 
above,  on  published  total  evapotranspiration  requirements  (Putah  Creek 
Cone  Investigation,  1955,  and  Cache  Creek  Project,  1963)  and  on  data  supplied 
by  the  Yolo  County  Agricultural  Extension  Service. 

Recognizing  that  irrigation  practices  involve  an  irrigation  efficiency, 
the  amount  of  water  required  for  a  given  crop  can  be  expressed  as 


Q   =  A  X  (ET  -  ET  )  x  - 
re      c     p    n 


where 


Q  is  the  amount  of  water  required  for  a  given  crop 
n  is  the  efficiency  of  irrigation,  expressed  as  a  fraction. 
Finally,  a  certain  amount  of  irrigation  water  runs  off  and  is  reused 
for  irrigation  downstream.   A  reuse  factor  can  be  formulated  as  a  function 
of  hydrologic  soil  group,  soil  structure,  and  irrigation  method.   An  expres- 
sion for  total  water  requirements  incorporating  a  reuse  factor  is  as 
follows 


Q  =  A  X  (ET  -  ET  )  X  -  X  (1  -  f  ) 
^    c      c     p'   n        r' 
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where 

Q  is  the  amount  of  water  required  for  irrigation 

f  is  a  reuse  factor,  expressed  as  a  fraction. 

The  factors  and  expressions  were  applied  to  the  entire  County  except 
in  the  East  Yolo  Basin  and  the  Colusa  Basin  between  the  Drain  and  the 
Sacramento  River.  In  these  areas,  high  groundwater  tables  contribute 
heavily  to  total  evapo transpiration  and  result  in  correspondingly  low 
values  of  required  water.  Direct  contributions  to  evapotranspiration 
fron  high  ground  water  in  the  Yolo  Bypass  and  Colusa  (east  of  Drain)  Basin 
are  about  two  feet  per  year. 

Summaries  developed  in  this  investigation  of  unit  applied  water 
requirements,  reuse  factors,  and  total  agricultural  water  requirements 
are  given  in  Tables  7.2  through  7.4. 

Irrigated  acreage  in  1970  totaled  233,200  acres  with  a  total  agricul- 
tural water  requirement  of  804.900  acre-feet. 

Forecasts  of  agricultural  development  in  1990  were  based  on  condi- 
tions both  with  and  without  an  additional,  new  source  of  supplemental  water, 
such  as  the  Tehama-Colusa  Canal.   Both  conditions  are  possibilities  depend- 
ing on  the  timing  of  Federal  funds  for  Tehama-Colusa  Canal  construction. 
Assuming  additional  supplemental  water  is  available  by  1990,  irrigated  agri- 
culture is  expected  to  expand  to  270,000  acres  with  a  total  agricultural 
water  requirement  of  945,600  acre-feet.   If  additional  supplemental  water 
is  not  available,  limited  groundwater  supplies,  particularly  in  the  western 
Colusa,  Cache  Creek,  and  Lower  Cache-Putah  basins,  are  expected  to  limit 
development  of  irrigated  agriculture  to  253,200  acres  with  a  total  agri- 
cultural water  requirement  of  884,100  acre-feet. 
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Table  7.2 

UNIT  APPLIED  WATER  REQUIREMENTS 
Yolo  County,  California 


Yolo  County 

Excluding 

Yolo  Bypass 

Yolo  Bypass 

Crop 

(acre  f eet/acre/yr . ) 

(acre  feet/acre/yr 

) 

Orchards 

^r^  ^> 

2.0 

Truck 

3.0 

2.3 

Tomatoes 

3.5 

2.8 

Sugar  Beets 

3.1 

2.8 

Field  (General) 

2.0 

1.6 

Alfalfa 

Jri^     (fi.O 

3.5 

Rice 

8.0 

6.7 

Pasture 

jy^^L'S 

5.0 

Table  7.3 

AVERAGE  APPLIED  WATER  AND  REUSE  FACTORS 
Yolo  County,  California 


Basin 

Average  Applied  Water 
(acre  feet/acre/yr.) 

Percent  Reuse 

Cache  Creek 
Upper  Cache-Putah 
Plainfield  Ridge 
Lower  Cache-Putah 
Colusa 
East  Yolo 

3.1 
3.6 
3.3 
3.3 
4.6 
2.8 

10.0 

10.0 

5.0 

9-5 

13.5 
7.3 

AVERAGE 

3.5 

9.2 
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By  2020,  imported  supplemental  surface  water  is  expected  to  be  available 
in  the  County.   Of  the  total  acreage  currently  classified  as  irrigable  in 
the  County,  85  percent  is  expected  to  be  developed  by  1990  if  supplemental 
surface  water  is  available  and  all  irrigable  acres  are  expected  to  be 
developed  by  2020.  Accordingly,  by  2020,  irrigated  agriculture  is  expected 
to  expand  to  320,000  acres  with  a  total  agricultural  water  requirement  of 
1,113,000  acre-feet  per  year. 

Municipal  and  Industrial  Water  Requirements 

Municipal  and  industrial  water  requirements  were  based  on  population 
and  per  capita  consumption  factors.   Population  is  discussed  in  Chapter 
6.    Per  capita  consumption  factors,  which  include  both  domestic  and 
industrial  use,  were  evaluated  for  each  of  the  four  major  population 
centers  (Davis,  East  Yolo,  Winters,  and  Woodland)  and  for  the  remaining, 
unincorporated  areas  of  the  County. 

Total  municipal  and  industrial  water  requirements  in  1970  were  29,000 
acre-feet  or  about  3.5  percent  of  County-wide  total  water  requirements. 
Municipal  and  industrial  requirements  are  expected  to  increase,  independent 
of  supplemental  surface  water  availability,  to  53,400  acre-feet  in  1990. 
A  summary  of  municipal  and  industrial  water  requirements  is  included  in 
Table  7.4. 
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Chapter  8     Ground  Water 


In  this  investigation,  emphasis  was  placed  on  the  occurrence,  distri- 
bution, and  movement  of  water  beneath  the  surface  of  the  ground,  termed 
groundwater  hydrology.   To  consider  the  groundwater  hydrology  of  Yolo 
County,  consideration  of  geology,  relative  to  the  occurrence  of  aquifers 
In  the  County,  is  essential.   In  addition,  hydrologic  units  can  be  defined 
to  permit  more  detailed  analysis  of  the  ground  waters  within  the  County. 
Details  of  these  considerations  are  as  follows. 

Geology 

The  relationship  of  geology  to  ground  water  is  referenced  to  a  geologic 
time  scale  as  shown  in  Table  8.1.   The  water  bearing  formations  which 
are  of  particular  importance  in  this  investigation  were  formed  during 
and  since  the  Pliocene  epoch. 

The  Sacramento  Valley  assumed  its  present  outline  in  the  mid  to  late 
Pliocene  epoch.   At  about  the  same  time,  the  northern  Coast  Range  was 
uplifted  and  a  period  of  erosion  began  in  the  mountains  with  deposition 
of  materials  to  the  east.   Later,  during  the  Pleistocene  epoch,  the  Coast 
Ranges  folded,  faulted,  elevated  and  began  to  assume  their  present  shape. 
During  and  after  this  activity,  erosion  was  vigorous  and  much  of  the  Tehama 
formation  was  removed  and  either  deposited  in  the  center  of  the  Sacramento 
Valley  or  carried  south  by  the  Sacramento  River.   Poorly  sorted  gravelly 
material,  Red  Bluff  formation,  was  eventually  deposited  on  the  eroded 
surface  of  the  Tehama  formation.   Numerous  eastward  flowing  streams  carried 
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loads  of  coarse  debris  and  deposited  it  as  broad  alluvial  fans  and  plains. 
More  uplift  and  folding  followed,  and  the  gravel  of  the  Red  Bluff  formation 
was  partly  eroded  away  and  also  deposited  on  broad  fans.   Terraces,  well 
defined  along  larger  streams  but  poor  or  absent  along  the  minor  streams, 
were  formed  by  streams  flowing  from  the  northern  Coast  Ranges.   These 
terraces  were  commonly  capped  with  poorly  sorted  gravelly  deposits. 

Erosion  continues  in  the  Coast  Range  and  the  low  hills.   Except 
along  Cache  Creek  and  a  few  smaller  west-side  streams,  the  recent  deposits 
are  predominately  fine  grained.   Part  of  the  alluvial  plains,  such  as 
those  above  the  Montezuma  Hills  in  southern  Solano  County,  has  reached 
equilibrium  and  little  deposition  or  erosion  is  taking  place. 

Hydrogeology 

Yolo  County  can  be  described  by  six  hydrologic,  or  groundwater  stor- 
age units  similar  to  those  used  in  the  evaluation  of  surface  waters. 
These  hydrogeologic  basins,  hereinafter  called  groundwater  basins,  are: 

-  Colusa  Basin 
Cache  Creek  Basin 

-  Upper  Cache-Putah  Basin 

-  Plainfield  Ridge  Basin 

-  Lower  Cache-Putah  Basin 

-  East  Yolo  Basin. 

These  basins  are  depicted  in  Figure  8.1. 

GROUNDWATER  BASINS 

Colusa  Basin 

The  Colusa  Basin  extends  from  the  County  line  on  the  north  to  Cache 
Creek  on  the  south  and  between  the  eastern  foothills  of  the  Dunnigan  Hills 
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Cache  Creek  and  minor  streams  draining  the  Coast  Ranges.   With  the  exception 
of  a  narrow  band  of  river  deposits  along  Cache  Creek,  alluvial  fan  deposits 
comprise  the  land  surface  throughout  the  area.   Below  the  surface  are 
largely  alluvial  fan  deposits,  of  Recent  and  late  Pleistocene  age,  which 
are  composed  of  unconsolidated  clay,  silt,  sand  and  gravel.   These  deposits 
range  to  200  feet  and  include  some  hard  silt  and  clay  and  cemented  sand 
and  gravel  of  the  Tehama  formation  in  the  lower  100  feet. 

Cache  Creek  Basin 

The  Cache  Creek  Basin  consists  of  channel  deposits  which  extend  up 
to  half  a  mile  north  and  li  to  3  miles  south  of  the  creek  and  roughly 
parallel  it  between  the  Coast  Range  on  the  west  and  the  Dunnigan  Hills 
on  the  east.   Gravel  deposits,  probably  laid  down  by  Cache  Creek  during 
the  Recent  and  part  of  the  Pleistocene  epochs,  extend  to  depths  of  50 
to  150  feet  below  the  land  surface.   These  are  underlain  by  a  generally 
fine  grained  section  of  hard  clay  beds  and  occasional  layers  of  hard  sand 
or  cemented  gravel.   The  lithologic  character  of  these  underlying  deposits 
suggests  that  they  are  part  of  the  Tehama  formation  which  crops  out  in 
the  Dunnigan  Hills  to  the  east  and  in  the  foothills  of  the  Coast  Ranges 
to  the  west.   The  channel  deposits  lie  in  a  shallow  syncline  between  the 
boundaries  mentioned  above  and  are  separated  from  the  Sacramento  Valley 
floor  by  the  Dunnigan  Hills  anticline. 

Also  included  in  the  Cache  Creek  Basin  is  the  Hungry  Hollow  area, 
similar  to  the  Upper  Cache-Putah  Basin  to  the  south  but  separated  from 
it  by  Cache  Creek.   The  land  surface  in  the  Hungry  Hollow  area  consists 
of  unconsolidated  alluvial  fan  deposits  of  Recent  age.   Tehama  formation 
and  related  continental  sediments  underlie  the  alluvial  fan  deposits  and 
are  composed  of  clay,  hard  silt,  and  some  sand  and  gravel. 
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Upper  Cache-Putah  Basin 

Extending  south  between  Cache  and  Putah  Creeks  and  east  between  the 
Coast  Range  and  the  Plainfield  Ridge,  the  Upper  Cache-Putah  Basin  is 
largely  an  isolated  alluvial  plain,  part  of  the  Sacramento  Valley  but 
separated  from  the  main  valley  trough  by  the  Dunnigan-Plalnf ield  anti- 
cline.  The  southern  part  of  the  Upper  Cache-Putah  Basin  includes  the 
Putah  Plain  which  lies  mostly  in  Solano  County. 

In  the  northern  part  of  the  basin,  the  lithology  is  essentially  the 
same  as  the  Hungry  Hollow  area  with  unconsolidated  alluvial  fan  deposits 
at  the  surface  underlain  by  clay,  hard  silt,  and  some  sand  and  gravel. 
In  the  southern  part,  the  basin  consists  of  upper  alluvial  fan  deposits, 
of  Pleistocene  and  Recent  age,  consisting  of  clay,  silt,  sand  and  gravel 
to  less  than  150  feet.   These  deposits  are  underlain  by  the  somewhat 
compacted  and  partly  cemented,  less  permeable  sediments  of  the  Tehama 
formation. 

Plainfield  Ridge  Basin 

An  extension  of  the  Dunnigan  Hills  along  the  Dunnigan-Plainf ield 
anticline  between  Cache  and  Putah  Creeks,  the  Plainfield  Ridge  is  an 
isolated  body  of  dissected  alluvial  deposits.   The  area  contains  hard 
silt  and  clay,  sandstone  and  cemented  gravel  of  the  Tehama  formation  which 
tend  to  impede  the  movement  of  ground  water  between  the  Upper  and  Lower 
Cache-Putah  Basins. 

Lower  Cache-Putah  Basin 

Extending  from  the  Plainfield  Ridge  to  the  Yolo  Bypass  and  between 
Cache  and  Putah  Creeks,  the  Lower  Cache-Putah  Basin  is  a  broad  low  plain 
built  mainly  by  Cache  Creek,  Putah  Creek  and  Willow  Slough.   Alluvial 
fan  deposits,  of  late  Pleistocene  and  Recent  age,  composed  of  unconsolidated 
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clay  and  silt,  sand  and  gravel,  range  to  200  feet  throughout  the  basin. 
The  lower  100  feet  of  the  basin  includes  some  hard  silt  and  clay  and 
cemented  sand  and  gravel  of  the  Tehama  formation. 

East  Yolo  Basin 

The  East  Yolo  Basin  consists  of  low,  poorly  drained  land  between 
the  alluvial  fans  of  the  Lower  Cache-Putah  Basin  and  the  Sacramento  River. 
It  extends  from  the  Knights  Landing  Ridge  to  the  southern  County  line. 
Deposits  in  the  Basin  are  mainly  clay  and  clay-adobe  soils  at  the  surface 
with  some  water  bearing  materials  present,  but  the  proportion  of  sand 
and  gravel  is  generally  less  than  that  found  in  the  adjoining  river  lands 
and  low  plains. 
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GROUNDWATER  EVALUATION 

In  this  investigation  the  groundwater  evaluation  consisted  of  accounting 
for  all  subsurface  flows,  below  the  root  zone,  in  a  given  basin.   The  dif- 
ference between  subsurface  inflows  and  outflows,  for  each  basin  and  for 
the  County  as  a  whole,  must  equal  any  net  change  in  groundwater  storage. 

Groundwater  inflows  include: 

-  subsurface  inflows 

-  deep  percolation 
Groundwater  outflows  include: 

-  pumpage 

-  subsurface  outflows. 

The  ground  waters  of  the  County  were  evaluated,  utilizing  the  above 
variables,  for  each  groundwater  basin.   A  schematic  presentation  of  a 
general  hydrologic  balance,  including  surface  and  groundwater  components, 
is  depicted  in  Figure  8.2.   The  arrows  in  the  schematic  are  indicative 
of  the  relative  amounts  of  flow  in  Yolo  County.   Discussion  of  the  individ- 
ual variables  in  the  groundwater  evaluation  follows. 

Aquifer  Materials 

An  essential  part  of  the  basic  data  objective  for  this  investigation 
was  the  identification  of  the  type  and  extent  of  various  water  bearing 
formations  and  other  materials  beneath  Yolo  County.   This  serves  as  a 
basis  for  determining  the  specific  yield  of  the  materials.   Specific 
yield  is  that  percentage  of  the  total  volume  of  material  which  will  yield 
water  by  drainage  or  pumping. 

To  achieve  this  objective  a  cooperative  effort  was  undertaken  with 
the  DWR.   It  consisted  of  using  drillers'  reports  for  locating  geographically 
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water  wells  in  the  County,  selecting  the  deepest  well  in  each  quarter- 
section,  and  assigning  values  of  equivalent  specific  yield  to  each  ten 
foot  increment  of  material  below  the  surface.   The  values  assigned  were 
based  on  the  driller's  description  of  strata  penetrated  in  the  selected 
wells. 

Over  5000  wells  were  reviewed  and  a  total  of  1150  wells,  averaging 
AOO  feet  in  depth,  or  350  feet  below  sea  level,  were  utilized.   The  results 
were  incorporated  into  a  computerized  program  which  presented  summaries 
of  equivalent  specific  yield  for  each  ten  foot  increment  over  the  entire 
County. 

Storage  and  Changes  in  Storage 

Ground  water  in  most  of  the  aquifers  of  Yolo  County  is  unconfined 
or  semiconf ined.   Storage  of  water  in  these  aquifers  is  a  function  of 
total  aquifer  volume  and  the  specific  yield  of  materials  present  in 
the  aquifer. 

The  uses  evaluated  groundwater  storage  in  Yolo  County  in  1961.   Only 
the  materials  from  20  to  200  feet  below  the  surface  were  considered  in 
that  investigation  (Water  Supply  Paper  #1497,  1961).   The  total  storage 
capacity  in  the  County  was  calculated  to  be  6,014,000  acre-feet  for  this 
180  foot  interval. 

In  this  investigation,  a  detailed  analysis  of  aquifer  materials  in 
the  interval  between  20  and  420  feet  below  ground  surface  was  made.   Total 
storage  capacity  for  that  depth  interval  in  the  County  was  calculated 
to  be  14,038,000  acre-feet.   Ground  water  actually  in  storage  in  this  depth 
interval  in  1974  was  calculated  to  be  13,208,400  acre-feet.   A  summary 
of  storage  in  each  of  the  groundwater  basins  is  given  in  Table  8.2. 
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Changes  in  storage  were  computed  from  values  of  aquifer  volume, 
specific  yield,  and  changes  in  groundwater  levels.   For  the  ten  year  study 
period,  1963  to  1972,  most  of  the  groundwater  basins  experienced  a  negative 
change  in  storage  (water  removed  from  storage).   The  County-wide  average 
annual  decrease  in  storage  over  the  same  period  was  calculated  to  be  12,000 
acre-feet.  A.  summary  of  changes  in  storage  is  included  in  the  groundwater 
summary  Table  8.3. 

The  long-term  change  in  groundwater  storage  was  also  computed  based  on 
aquifer  properties  and  historic  water  levels  discussed  in  the  next  section. 
For  the  period  1944-1974,  a  total  of  500,000  acre-feet  has  been  removed  from 
storage  in  the  groundwater  basins  of  the  County. 

Water  Levels 

The  first  published  water  level  data  in  Yolo  County  was  for  1912 
and  is  included  in  USGS  Water  Supply  Paper  #375,  (1915).   The  DWR's 
Putah  Creek  Cone  Investigation  (1955)  included  individual  well  data, 
maps  of  water  levels  in  the  County,  and  average  water  levels  in  the  County 
dating  from  1930.   More  recently,  DWR  Bulletin  130,  Hydrologic  Data, 
included  seasonal  water  levels  for  specific  wells  and  average  water  levels 
for  the  County  since  1962.   These  served  as  sources  for  the  history  of 
water  levels  throughout  the  County  and  a  base  for  the  hydrographs  shown 
in  Figures  8.3  to  8.7. 

Based  on  projected  water  requirements  and  the  perennial  yield  of 
the  groundwater  basins,  it  is  expected  that  groundwater  levels  will  con- 
tinue to  decline  for  a  period  of  time  as  shown  in  the  same  figures. 
Forecasts  of  groundwater  levels  for  both  conditions  discussed  earlier  (i.e., 
continuation  of  existing  conditions  oi^  application  of  new  supplemental 
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imported  water)  were  made.   As  is  illustrated  in  Figures  8.3  to  8.7, 
groundwater  levels  can  continue  to  decline  at  about  a  constant  rate  if 
no  imported  water  is  available.   However,  if  supplemental  imported  water 
is  available,  groundwater  levels  could  recover  significantly  in  response 
to  greater  use  of  surface  water  and  reduced  groundwater  pumpage. 

Groundwater  Movement 

Movement  of  ground  water  in  the  saturated  zone  is  dependent  on  the 
permeability  of  subsurface  materials,  the  cross-sectional  area  of  saturated 
material,  and  the  gradient,  or  slope,  of  the  groundwater  table.   Movement 
across  each  of  the  groundwater  basin  boundaries  was  calculated  on  the 
basis  of  values  for  each  of  these  parameters.   Movement  of  ground  water 
in  the  County  varies  through  the  year.   Groundwater  gradients  were  deter- 
mined from  contour  maps  of  groundwater  levels  for  the  various  years  in 
the  study  period  -  see  Figure  8.8  for  1970.   These  gradients  were  used 
to  calculate  groundwater  flow  rates  and  to  define  the  direction  of  ground- 
water movement.   In  general,  movement  is  from  west  to  east,  with  slight 
variations  caused  by  seasonal  pumping  and  geologic  features.   Figures 
8.9  and  8.10  outline  the  general  direction  of  groundwater  flow  during 
the  spring  and  fall  of  a  typical  year. 

Aquifer  characteristics,  specifically  transmissivity  and  related 
permeability,  were  calculated  from  data  provided  by  92  pumping  tests 
throughout  the  County.   These  tests  were  run  in  the  period  1952  to  1974. 
Values  of  permeability  calculated  from  these  test  data  were  used  in  com- 
puting inter-basin  flow  rates. 

A  summary  of  groundwater  flows  into  and  out  of  the  groundwater  basins 
is  included  in  Table  8.3  of  the  hydrologic  evaluations  discussed  below. 
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As  part  of  the  analysis  of  groundwater  movement  and  flows,  it  was  deter- 
mined that,  excluding  infiltration  from  surface  streams,  subsurface  flows 
into  and  out  of  the  County  are  small.   In  particular,  subsurface  outflows 
from  the  County  are  less  than  5000  acre-feet  per  year.   With  such  small 
outflow,  the  County  is  essentially  a  closed  groundwater  basin.   This 
is  of  great  significance  in  the  consideration  of  dissolved  salt  concentra- 
tions in  the  ground  water  as  discussed  under  Water  Quality. 

Pumpage 

As  noted  earlier,  no  direct  measurements  of  groundwater  pumpage  in 
Yolo  County  have  been  made,  but  an  estimate  of  pumpage  was  published  by 
the  uses  (1971)  for  the  period  1966-1968  and  another  was  made  by  the  DWR 
for  1960-1970.   Since  there  has  been  a  significant  increase  in  irrigated 
acreage  in  the  County,  new  calculations  of  pumpage  were  made  for  the  study 
period.   Average  pumpage  over  the  study  period,  included  in  Table  8.3,  was 
343,100  acre-feet  per  year.   For  the  base  year,  1970,  County-wide  pumpage 
was  377,300  acre-feet. 

It  is  projected  that  groundwater  use  will  increase  to  371,900  acre 
feet  per  year  by  1990  ^^f  a  new  supplemental  water  supply  does  not  become 
available  to  the  County.   On  the  other  hand,  j^  new  supplemental  water  is 
available  throughout  the  County,  pumpage  could  be  reduced  to  match  the 
perennial  yield  of  the  County's  groundwater  basins  as  discussed  under 
Perennial  Yield  and  Overdraft  below.   Further  discussion  of  the  availability 
of  imported  water,  and  its  potential  impact  on  groundwater  use  is  presented 
in  the  chapter  on  Groundwater  Management. 

Perennial  Yield  and  Overdraft 

The  perennial  yield  of  a  groundwater  basin  is  defined  as  the  amount  of 
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water  which  can  be  pumped  annually  from  that  basin,  with  no  net  change  in 
storage  over  a  selected  period  of  time. 

County-wide  perennial  yield  is  a  summation  of  values  of  perennial 
yield  for  each  of  the  groundwater  basins.   These  individual  values  of 
perennial  yield  were  computed  from  average  hydrologic  conditions  over 
the  study  period  of  1963-1972,  corrected  for  above  average  precipitation 
and  stream-flows  during  that  time  period.   As  a  result,  average  County- 
wide  perennial  yield  for  the  study  period  was  calculated  to  be  304,500 
acre-feet. 

Projections  of  perennial  yield  were  also  made  to  1990,  again  con- 
sidering conditions  with  and  without  new  supplemental  water  supply,  and 
to  2020.   Increases  in  application  of  water  will  contribute  to  increases 
in  perennial  yield.   If  new  supplemental  water  is  not  available  by  1990, 
County-wide  perennial  yield  will  increase  to  319,300  acre-feet  per  year; 
and  if  new  supplemental  water  is  available,  perennial  yield  will  increase 
to  327,100  acre-feet  per  year. 

A  summary  of  perennial  yield  values  for  the  groundwater  basins  at 
different  times  is  presented  in  Table  8.4. 

Based  on  the  perennial  yield  of  the  groundwater  basins  and  pumpage 
from  the  basins,  the  County  is  in  a  groundwater  overdraft  situation.   Over 
the  study  period.  County-wide  average  annual  overdraft  was  12,000  acre-feet. 

By  1990,  if  new  supplemental  water  supply  is  not  developed,  overdraft 
in  the  County  will  increase  to  an  average  of  about  50,000  acre-feet  per 
year.   This  forecast  condition  includes  the  impact  of  supplemental  water 
from  the  recently  completed  Indian  Valley  Reservoir  under  the  current  plan 
for  operation  of  that  reservoir  in  the  Cache  Creek  system.   Discussion  of 
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Table  8.4 

PERENNIAL  YIELD  OF  GROUNDWATER  BASINS 
(Thousand  Acre-Feet) 
Yolo  County,  California 


Average 

Perennial 

1990  without 

1990  with 

Yield 

supplemental 

supplemental 

Basin 

(1963-1972) 

surface  water 

surface  water 

2020 

Cache  Creek 

32.1 

35.0 

37.4 

44.0 

Upper  Cache-PutSh 

28.2 

31.3 

32.2 

37.9 

Plainfield  Ridge 

10.8 

10.9 

11.6 

13.7 

Lower  Cache-Putah 

114.6 

121.6 

123.2 

144.9 

1^0-'' 

Colusa 

68.7 

70.4 

71.7 

84.4 

East  Yolo 

50.1 

50.1 

51.0 

60.0 

Total 

304.5 

319.3 

327.1 

384.9 
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the  plan  for  operation  of  Indian  Valley  is  included  under  Groundwater 
Management.   No  other  sources  of  supplemental  water  supply  are  included  in 
this  forecast  condition. 

On  the  other  hand,  if  new  supplemental  water  is  available  by  1990  in 
addition  to  the  Indian  Valley  Reservoir,  and  if  the  supplemental  water  is 
distributed  throughout  the  County  as  necessary,  increasing  total  water 
requirements  could  be  met  by  increased  surface  water  deliveries.   Under 
such  conditions,  groundwater  pumpage  could  be  reduced  to  effectively  match 
the  perennial  yield,  327,000  acre-feet  in  1990,  resulting  in  general  stabi- 
lization of  groundwater  levels  and  elimination  of  overdraft. 

By  2020,  additional  supplemental  imported  surface  water  is  expected  to 
be  available  from  at  least  the  Tehama-Colusa  Canal.   If  no  other  sources 
of  imported  water  are  developed  by  that  time,  the  total  water  requirements 
of  the  County,  1,190,000  acre-feet  per  year,  will  not  be  met  by  the  avail- 
able sources  plus  ground  water  limited  to  perennial  yield,  385,000  acre-feet 
in  2020.   The  balance  of  approximately  105,000  acre-feet  per  year  would  be 
met  by  groundwater  overdraft. 

A  summary  of  changes  in  groundwater  storage  over  the  study  period  and 
overdraft  for  the  various  groundwater  basins  is  included  in  Tables  8.5 
through  8.7. 

ENERGY  COSTS  FOR  PUMPING 
Current  and  forecast  costs  to  pump  ground  water  were  calculated  for 
the  various  basins  of  the  County.   To  reflect  current  energy  costs,  1974 
was  used  as  a  base  year  in  this  part  of  the  investigation.   Projections 
were  again  made  for  1990  to  consider  conditions  both  with  and  without  new 
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supplemental  water  supply.   Energy  costs  of  pumping  were  calculated  from 
total  power  consumption  in  the  basins  and  current  power  costs. 

Power  used  for  pumping  is  that  required  to  lift  ground  water  from  a 
pumping  water  level  to  the  surface.   To  determine  pumping  water  levels, 
the  specific  capacities  of  wells  in  each  basin  were  used,  together  with 
average  pumping  rates  and  static  water  levels.   The  specific  capacity  of 
a  well  is  a  measure  of  the  flow  from  the  well  per  foot  of  water  level  draw- 
down in  the  well  and  is  calculated  from  data  taken  as  part  of  a  pump  test. 
Power  costs  were  based  on  PG&E  electrical  energy  schedules  for  agri- 
cultural pumping  in  1974.   No  forecasts  of  changes  in  the  energy  schedules 
were  made  because  of  instabilities  and  unknowns  in  energy  demands  and 
schedules. 

Current  and  forecast  energy  costs,  therefore,  reflect  the  cost  of 
power  to  lift  ground  water  to  the  surface,  based  on  1974  power  costs,  and 
do  not  include  well,  equipment,  or  maintenance  costs. 

The  County-wide  average  energy  cost  to  pump  ground  water  in  1974 
was  $5.07  per  acre-foot  and  ranged  from  $3.93  in  the  East  Yolo  Basin  to 
$7.44  in  the  Plainfield  Ridge  Basin. 

If  new  supplemental  water  is  available,  average  lift  costs  based  on 
1974  energy  schedules  will  be  $5.49  per  acre-foot  in  1990  and  will  range 
from  a  low  of  $3.93  in  the  East  Yolo  Basin  to  a  high  of  $7.94  in  the 
Plainfield  Ridge  Basin.   If  new  supplemental  water  is  not  available, 
average  lift  costs  will  increase  to  $5.90  per  acre-foot  in  1990.   Rela- 
tively unchanged  groundwater  levels  in  the  East  Yolo  Basin  will  result 
in  constant  costs  ($3.93  per  acre-foot)  and  the  Plainfield  Ridge  Basin 
will  have  the  highest  costs  ($8.72  per  acre-foot). 
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Energy  consumption  and  lift  costs  for  groundwater  pumping  are  summa- 
rized in  Table  8.8. 
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RECHARGE  FROM  WATERCOURSES 

Recharge  to  the  ground  water  by  infiltration  from  watercourses  is 
a  vital  part  of  a  groundwater  assessment.   It  has  an  impact  on  both  quantity 
and  quality  considerations. 

The  process  of  infiltration  depends  on  a  number  of  variables,  such 
as:  the  size  and  distribution  of  materials,  stream  cross  section  and 
slope,  flow  velocities,  duration  of  flow,  location  of  the  water  table 
below  and  adjacent  to  the  watercourse,  nature  of  materials  below  the  stream 
bed,  sediment  transport,  and  gravel  extraction. 

Cache  Creek  Recharge 

Recharge  from  Cache  Creek  has  an  impact  on  all  the  groundwater  basins 
in  the  County,  both  from  a  quantity  and  quality  point  of  view.   Based 
on  information  determined  in  this  investigation  and  records  of  flow  main- 
tained by  the  USGS ,  recharge  from  Cache  Creek  was  analyzed  between  Capay 
and  the  Yolo  Bypass. 

In  general,  the  permeability  of  materials  along  the  creek  decreases 
from  west  to  east,  a  result  of  deposition  of  materials  by  the  creek: 
coarse  grained,  more  permeable  materials  settling  in  the  upstream  reaches, 
and  finer,  less  permeable  materials  being  transported  further  downstream. 

Using  gradient  maps  based  on  groundwater  contours,  it  was  possible 
to  determine  the  direction  and  amount  of  flow  away  from  the  creek.   In 
the  first  four  miles  below  Capay,  flow  is  generally  north  into  the  Cache 
Creek  Basin.   In  the  next  10  miles  to  Yolo,  water  infiltrates  and  moves 
generally  to  the  south  into  the  Upper  and  the  Lower  Cache-Putah  Basins. 

Average  annual  recharge  along  Cache  Creek  was  calculated  to  be  22,400 
acre-feet  for  the  period  1962-1971.   There  are  seasonal  or  annual  fluctuations 
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in  recharge  along  the  creek.   However,  there  appears  to  be  a  decreasing 
trend  in  the  annual  infiltration  from  the  creek. 

The  impact  of  gravel  extraction  operations  on  the  recharge  capabil- 
ities of  Cache  Creek  was  investigated  and  is  discussed  under  Gravel  Extraction. 

Putah  Creek  Recharge 

Recharge  from  Putah  Creek  was  evaluated  in  a  manner  similar  to  Cache 
Creek.  Based  on  information  determined  in  this  investigation  and  records 
of  flow  maintained  by  the  USER,  recharge  from  Putah  Creek  was  analyzed 
between  Monticello  Dam  and  the  Yolo  Bypass. 

The  distribution  of  materials,  and  associated  permeabilities,  along 
the  creek  is  similar  to  Cache  Creek,  i.e.,  coarse  sand,  pebbles  and  cobbles 
in  the  upper  reaches,  and  pockets  of  silt,  clay,  and  sand  in  the  lower 
reaches. 

Use  of  gradient  maps  based  on  groundwater  contours  was  made  to  determine 
the  direction  and  amount  of  water  recharged  from  Putah  Creek.   Most  of 
the  recharge  flows  south  into  Solano  County,  primarily  due  to  higher 
pumping  rates  and  associated  declines  in  water  table  elevation  in  Solano 
County.   In  the  Davis  area,  localized  overdraft  has  resulted  in  a  ground- 
water depression  which  is  resulting  in  some  Putah  Creek  recharge  moving 
north  in  that  area. 

Prior  to  construction  of  Monticello  Dam,  the  DWR,  in  the  Putah 
Creek  Cone  Investigation  (1955),  evaluated  recharge  from  the  creek  to  be 
33,000  acre-feet  per  year  for  the  period  1948-1953.   Since  construction  of 
Monticello  Dam,  the  USER,  in  the  Solano  Project-Progress  Report,  reported 
that  recharge  averaged  27,483  acre-feet  per  year  for  the  period  1958-1969. 
This  value  included  a  10  cfs  (7200  acre-feet  per  year)  assumed  infiltration 
between  Monticello  and  Putah  Creek  Diversion  Dams. 
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Since  the  reach  above  the  diversion  dam  is  beyond  the  Upper  Cache- 
Putah  basin  and  because  stream  gage  recordings  indicate  that  reach  to  be 
receiving  seepage,  recharge  from  Putah  Creek  was  evaluated  from  the  diversion 
dam  to  the  USER  gaging  station  at  mile  7.2,  near  Interstate  80.   Recharge  in 
this  reach  was  calculated  to  average  19,000  acre-feet  per  year  for  the  period 
1958  to  1968.   Recharge  remained  fairly  constant  during  that  period  and  is 
consistent  with  annual  calculations  of  recharge  made  by  the  USER  in  evalua- 
tion of  the  Solano  Project. 

Sacramento  River 

Recharge  from  the  Sacramento  River  affects  ground  water  in  the  Colusa 
and  East  Yolo  Basins.   Calculations  of  recharge  from  the  River  were  based 
on  information  developed  in  this  investigation  and  on  characteristics 
of  the  subsurface  materials  published  by  the  USGS  in  Water  Supply  Paper 
#1497  (1961). 

The  permeability  of  materials  along  the  River  is  relatively  low, 
characteristic  of  the  clay  and  clay- adobe  materials  of  the  flood  plains 
adjoining  the  River  throughout  the  County.   In  addition,  because  of  less 
pumping  in  these  basins,  particularly  along  the  River,  the  hydraulic 
gradient  between  the  River  and  the  ground  water  is  quite  flat. 

Average  annual  recharge,  over  the  study  period,  from  the  Sacramento 
River  was  calculated  to  be  5,000  acre-feet  into  the  Colusa  Basin  and  50,000 
acre-feet  into  the  East  Yolo  Basin.   There  have  been  no  major  changes 
in  the  gradient  of  the  water  table  away  from  the  River  over  the  study 
period  and  recharge  has  remained  nearly  constant  on  a  yearly  basis. 
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Colusa  Basin  Drain  i 

Ground  water  in  the  Colusa  Basin  is  affected  by  recharge  from  the 
Colusa  Basin  Drain.   Calculations  of  recharge  from  the  Drain  were  based 

on  information  similar  to  that  used  in  analyzing  recharge  from  the  Sacramento 
River. 

The  materials  along  the  Drain  are  typical  of  the  flood  plains  and 
are  relatively  low  in  permeability.   In  addition,  the  gradient  of  the 
water  table  away  from  the  Drain  is  small.   Based  on  these,  average  recharge 
from  the  Drain  was  calculated  to  be  10,000  acre-feet  per  year  over  the 
study  period. 

Along  the  Colusa  Basin  Drain,  the  slope  of  the  water  table  has 
remained  fairly  constant  and  there  is  no  trend  toward  a  change  in  the 
recharge  from  it. 

Yolo  County  Flood  Control  and  Water  Conservation  District 

Because  of  its  extensive  network  throughout  the  Cache  Creek,  Upper 
and  Lower  Cache-Putah,  and  Plainfield  Ridge  Basins,  the  distribution  system 
of  the  YCFCWCD  was  considered  as  a  recharging  watercourse. 

Due  to  the  large  variation  in  materials  and  hydraulic  gradients 
through  the  system,  detailed  calculations  of  percolation  losses  were  not 
made.   Rather,  measured  losses  from  each  major  canal  and  its  associated 
laterals  were  considered.   Losses  from  the  various  canal  branches  are 
approximately  proportional  to  the  flow  in  the  branch.   In  general, 
percolation  losses,  or  recharge,  from  the  major  canals,  based  on  average 
flows  in  the  canals,  are  approximately  as  follows:   Winters  Canal  - 
15  percent;  West  Adams  Canal  -  25  percent;  Moore  Canal  -  16.5  percent. 


-78- 


ARTIFICIAL  RECHARGE 

Artificial  recharge  may  be  defined  as  augmenting  the  natural  infiltra- 
tion of  precipitation  or  surface  water  into  underground  formations  by  an 
artificial  process.   There  are  several  different  methods  of  artificial  re- 
charge, including  water  spreading  in  ponded  areas  and  recharging  through 
pits,  excavations,  wells,  and  shafts.   The  choice  of  a  particular  method 
is  dependent  on  the  quantity  of  water  to  be  recharged,  the  depth  to  ground 
water,  the  availability  of  a  water  supply,  and  local  geologic,  topographic, 
and  soil  conditions.   In  addition,  an  overriding  consideration  is  the  quality 
of  the  recharge  water  supply,  which  must  be  compatible  with  the  ground  water 
and  non-clogging  to  the  recharge  facilities. 

The  potential  for  artificial  recharge  in  Yolo  County  was  evaluated  on 
the  basis  of  several  considerations: 

areas  of  localized  groundwater  depression  or  overdraft 

location  and  structure  of  materials  for  infiltration  and/or 

percolation  of  water 

movement  of  ground  water 
-  availability  of  potential  sources  of  recharge  water. 
Analysis  of  the  distribution  of  materials  below  the  ground  surface 
reveals  considerable  stratification  of  materials  throughout  much  of  the 
County.   Such  stratification  generally  consists  of  a  shallow  layer  of  low 
permeability  clay  underlain  by  lenses  or  layers  of  clay,  silt,  sand,  and 
some  gravel,  all  of  varying  thicknesses  and  lateral  extent.   Such  stratifi- 
cation is  generally  not  conducive  to  artificial  recharge  by  surface  spreading 
of  water  -  the  most  commonly  practiced  method.   Artificial  recharge  using 
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injection  wells,  on  the  other  hand,  may  be  feasible  under  such  geologic 
conditions.   However,  recharge  through  wells  is  generally  limited  to  smaller 
quantities  of  water  and  is  quite  water  quality  sensitive  (low  suspended 
solids  are  essential). 

In  view  of  the  limitations  resulting  from  the  general  stratification 
of  materials  throughout  the  County,  it  does  not  appear  that  artificial 
groundwater  recharge  will  be  a  major  factor  in  County-wide  groundwater 
management.   However,  since  there  are  areas  of  localized  groundwater  over- 
draft, consideration  was  given  to  potential  spreading  or  injection  of  water 
in  specific  areas  to  alleviate  local  problems. 

In  view  of  the  general  stratification  problem,  it  does  not  appear  that 
artificial  groundwater  recharge  will  be  a  major  factor  in  groundwater  manage- 
ment on  a  County-wide  basis.   Since  there  are,  however,  areas  of  localized 
groundwater  overdraft,  consideration  was  given  to  the  potential  for  spread- 
ing or  injecting  water  in  areas  that  could  alleviate  the  local  problems. 

Along  Cache  Creek,  particularly  in  the  area  between  Capay  and  Yolo, 
there  appear  to  be  several  surface  areas  (Figure  8.11)  where  water  could 
be  ponded  and  where  subsurface  conditions  are  sufficiently  uniform  to  allow 
percolation  of  the  water  to  the  ground  water. 

In  two  other  areas  of  the  County,  north  of  Woodland  and  north  and  west 
of  Davis,  the  conditions  look  favorable  for  considering  artificial  recharge 
well  fields  (Figure  8.11).   Properly  located,  designed,  and  operated,  they 
would  have  the  potential  of  improving  nearby  pumping  depressions  by  inject- 
ing water  that  would  move  from  the  recharge  well  fields  toward  the  overdrafted 
areas.   However,  as  mentioned  above,  a  problem  particularly  associated  with 
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a  recharge  well  field  is  the  source  of  water  of  suitable  quality.   Con- 
sideration of  a  source  was  not  within  the  scope  of  this  investigation,  but 
it  would  be  an  important  factor  in  further  assessment  or  design  of  recharge 
wells. 
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GRAVEL  EXTRACTION 

i 

Gravel  extraction  in  Yolo  County,  particularly  along  Cache  Creek, 
for  various  construction  uses,  has  become  of  increasing  concern.   Con- 
sequently, consideration  was  given  in  this  investigation,  in  a  preliminary 
v;av,  to  the  impact  of  gravel  extraction  operations  on  groundwater  recharge 
along  Cache  Creek.   The  analysis  was  based  entirely  on  a  limited  amount  of 
published  and  other  data.   No  new  information  was  developed  relative  to 
sediment  transport  and  deposition  in  the  Creek,  amounts  of  gravel  extracted, 
or  localized  water  levels  near  the  Creek. 

Sediment  Transport  -  The  USGS,  in  cooperation  with  the  DOT,  has 
published  one  paper  on  sediment  transport  in  Cache  Creek.   The  study  period 
included  in  this  report  was  for  water  years  1960  through  1963.   The  U.S.  Army 
Corps  of  Engineers  is  currently  completing  an  investigation  of  sediment 
transport  and  other  considerations  on  the  Creek.   In  addition,  the  Corps 
of  Engineers  has  taken  aerial  photographs  at  approximately  15  year  intervals 
since  1939  to  evaluate  bank  erosion  along  the  Creek. 

A  principal  conclusion  reached  in  the  USGS  investigation  is  that  the 
total  sediment  load,  comprised  of  suspended  sediment  and  bed  load,  carried 
by  the  Creek  varies  widely  from  year  to  year.   While  bed  load  at  Capay 
was  not  calculated,  it  was  computed  to  be  approximately  five  to  eight 
percent  of  total  load  at  Yolo.   The  suspended  sediment  load  near  Capay 
varied  from  approximately  85,000  tons  per  year  to  over  2,000,000  tons  per 
year  in  the  three  year  period. 

Unpublished  information  obtained  from  the  Corps  of  Engineers  based  on 
their  current  study  indicates  that  averages  of  98,000  tons  of  bed  material 
(larger  than  0.2  ram)  and  720,000  tons  of  suspended  material  (less  than  0.2  ram) 
are  deposited  between  Capay  and  Yolo  annually. 
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The  California  Division  of  Mines  publishes  annual  reports  of  sand  and 
gravel  extractions  thoughout  the  state.  For  1972,  approximately  2,600,000 
tons  of  material  were  extracted  in  Yolo  County. 

The  aerial  photographs  by  the  Corps  of  Engineers  indicate  that  bank 
erosion  has  taken  place.   Since  1963,  the  area  between  the  banks  has 
increased  approximately  2.25  acres  per  year  per  mile  along  the  Creek  between 
Capay  Dam  and  Yolo.   This  erosion  represents  approximately  890,000  tons  of 
material  which  is  being  relocated  within  the  Capay-Yolo  reach. 

Based  on  the  above  figures,  it  is  estimated  that  a  net  removal  of 
approximately  900,000  tons  of  material  occurred  in  1972.   Since  approximately 
85  to  95  percent  annual  replenishment  within  the  gravel  excavations  have 
been  reported  by  two  of  the  operators  on  the  Creek,  this  net  annual  removal 
of  sediment  results  in  a  calculated  lowering  of  the  stream  bed  in  the  affected 
reach  by  approximately  two  inches  for  that  year. 

Groundwater  Recharge  -  Groundwater  recharge  from  a  natural  watercourse 
is  a  complicated  process  which  involves  basically  infiltration  from  the 
watercourse  and  percolation  through  saturated  or  unsaturated  material  to 
the  ground  water. 

Infiltration  is  the  flow  through  the  water-soil  interface.   Infiltration 
is  primarily  affected  by  physical  changes  at  that  interface  and  by  changes 
in  water  surface  elevation.   Infiltration  has  been  found  to  be  a  limiting 
factor  in  groundwater  recharge  from  surface  ponds. 

Percolation  is  the  movement  of  water  away  from  the  stream  bed  in  the 
subsurface  materials.   Percolation  is  affected  by  the  permeability  of  materials, 
aquifer  cross-section,  the  potential  (gradient)  for  flow  determined  by  relative 
water  surface  elevations,  and  whether  the  aquifer  adjacent  to  the  stream  bed 
is  saturated  or  unsaturated. 
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Insufficient  data  were  available  to  evaluate  the  impact  of  gravel 
extraction  on  infiltration.   To  evaluate  the  impact  of  gravel  extraction 
on  percolation,  consideration  was  given  to  the  relationship  between  stream 
bed  and  water  surface  elevation.   Since  the  nature  and  location  of  flow 
control  in  the  affected  reach  is  not  known,  such  a  relationship  cannot  be 
determined.   Accordingly,  arbitrary  assumptions  regarding  saturated  flow 
conditions  and  water  surface  elevations  would  be  required  to  facilitate 
calculations  of  percolation.   In  light  of  current  interest  and  concern 
over  gravel  operations,  such  assumptions  would  be  of  questionable  use  in 
calculating  specific  quantities. 

To  address  the  subject  of  groundwater  recharge  as  affected  by  gravel 
extraction,  a  more  thorough  investigation  on  a  County-wide  basis  is  necessary. 
It  should  include  consideration  within  stream  channels  and  in  other  areas. 
Significant  additional  data  would  be  required.   The  scope  of  such  an 
investigation  and  associated  data  requirements  could  include: 

-  quantification  of  sediment  transport  as  a  function  of 
streamflow. 

determination  of  flow  velocity  changes  in  extraction  areas 
and  associated  sediment  deposition. 

-  determination  of  all  sediment  extraction  from  the  Creek, 
analysis  of  sediment  to  determine  grain  size  distribution 
along  the  Creek. 

-  development  of  relationship  between  grain  size  and  infiltration 
for  varying  hydraulic  potentials. 

-  analysis  of  the  entire  Creek  below  Capay  to  identify  flow 
sections  affecting  water  levels  in  the  mined  areas  of  the 
Creek. 
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-  installation  or  monitoring  of  observation  wells  to  determine 
water  table  elevations  and  identify  saturated  or  unsaturated 
conditions. 
Additions  to  or  deletions  from  the  above  considerations  could  be  made. 
They  are  outlined  to  illustrate  the  potential  complexity  of  a  full  evaluation 
of  the  interrelationship  of  gravel  extraction  and  groundwater  recharge. 
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Chapter  9     Water  Quality 

The  quality  of  water,  because  of  its  significance  relative  to  various 
uses,  has  become  of  increasing  importsmce.   All  waters  in  nature  contain 
some  salts  carried  in  solution.   The  quality  required  of  a  water,  as 
measured  by  the  concentration  of  dissolved  salts,  depends  on  its  purpose; 
requirements  for  agricultural,  domestic,  and  indxistrial  uses  vary  signifi- 
cantly . 

Ground  waters  typically  contain  higher  concentrations  of  dissolved 
salts,  or  solids,  than  surface  waters.   This  is  primarily  due  to  the 
exposure  of  ground  waters  to  soluble  materials  in  geologic  strata. 

In  this  investigation,  primary  consideration  was  given  to  the  quality 
of  ground  waters  for  agricultural  and  for  municipal  and  industrial  uses. 
Analyses  of  various  surface  waters  were  also  considered  for  comparison 
with  groundwater  quality  and  because  surface  waters  are  a  source  of  ground- 
water recharge. 

Based  on  available  records  of  water  quality  analyses,  the  history 
of  groundwater  quality  for  both  of  the  above  uses  was  evaluated.   Projec- 
tions of  groundwater  quality,  under  varying  conditions,  were  made  for 
the  period  1970-1990.   Discussions  of  the  history  and  projections  of  water 
quality  are  presented  below. 

The  quality  of  water  can  be  expressed  in  different  terms,  usually 
dependent  on  the  ultimate  use  of  the  water.   Most  commonly,  in  a  chemical 
analysis  of  water,  concentrations  of  different  ions  or  salts  can  be  expressed 
by  weight  or  by  chemical  equivalence.   In  this  investigation,  the  quality 
of  waters  for  agricultural  uses  is  reported  by  chemical  equivalence  and 
quality  for  municipal  and  industrial  uses  is  reported  by  weight. 
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Discussions  of  each  of  the  measures  of  chemical  quality  are  presented 
in  Appendix  B.   Also  included  in  the  Appendix  are  discussions  of  the 
various  dissolved  salts  or  solids  considered  under  water  quality.   These 
discussions  summarize  the  impact  of  the  various  salts  on  the  use  of  water 
for  agricultural,  municipal,  and  industrial  purposes. 


-88- 


m 


GROUND  WATER 

Groundwater  Quality  for  Agricultural  Uses 

The  quality  of  the  ground  water  used  for  irrigation  in  Yolo  County 
was  evaluated  using  over  800  water  analyses  from  about  300  individual  wells, 
most  of  which  had  been  analyzed  over  the  last  22  years  by  the  DWR.   In 
addition,  the  Yolo  County  Cooperative  Extension  Farm  Advisor's  Office 
collected  300  water  samples  which  were  analyzed  for  boron  during  the  period 
1950-56.   This  data  was  evaluated  to  determine  trends  in  the  movement 
and  distribution  of  boron  throughout  the  County. 

Constituents  considered  in  evaluating  water  quality  for  agricultural 
uses  include: 

-  Total  salts 
Percent  sodium 

-  Chlorides 
Boron 

-  Nitrates. 

Total  Salts  -  In  general,  the  ground  v;aters  of  Yolo  County  are 
calcium-magnesium  bicarbonate  (Ca-Mg(HCO-))  in  character,  with  these 
salts  constituting  from  65  to  80  percent  of  the  total  concentration. 
The  nature  of  total  salts  in  ground  water  on  a  County-wide  basis  is  given 
in  Figure  9.1  for  three  ranges  of  values.   They  are:   less  than  7  me/£, 
(450  ppm) ,  between  7  and  15  me/£  (960  ppm) ,  and  greater  than  15  me/£.. 
Although  a  water  with  a  total  salt  content  of  greater  than  15  me/£ 
could  be  considered  marginal  or  lower  than  a  first  class  water,  it  is 
essential  to  look  at  the  distribution  of  nonsaline  and  other  soluble  salts. 

Ground  waters  in  Yolo  County  typically  contain  up  to  15  me/1  total 
salts,  of  which  an  average  of  70  percent  are  nonsaline  Ca-Mg(HC03)  salt 
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and  30  percent  are  soluble,  saline  salts.   Under  the  soil  and  climatic 
conditions  found  in  the  County,  ground  waters  of  up  to  15  me/1  total  salts 
are  considered  of  first  class  quality. 

Sodium  -  Sodium  in  high  concentrations  is  the  most  harmful  of  the 
three  major  cations  (calcium,  magnesium,  sodiinn)  in  irrigation  waters. 
Generally,  waters  containing  less  than  60  percent  sodium  are  accepted 
as  being  of  good  quality. 

Ground  waters  of  the  County  are  predominantly  below  60  percent,  with 
most  waters  between  25  and  35  percent,  as  shown  in  Figure  9.2.   Some  ground 
waters  in  the  southern  portion  of  the  County,  below  Clarksburg,  have  sodium 
percentages  above  60  percent.   In  general,  however,  sodium  is  not  a  problem 
in  the  County.   Nevertheless,  should  high  water  tables  develop,  sodium 
may  accumulate  in  the  surface  soil  and  result  in  an  undesirable  alkali 
or  sodic  condition. 

Chlorides  -  Of  the  major  anions  (bicarbonate,  HC0_,  sulfate, 
SO,,  and  chloride,  CI),  chlorides  are  the  most  important  in  agricultural 
considerations.   Waters  with  a  chloride  content  of  less  than  5  me/Z 
(178  ppm)  are  considered  to  be  acceptable  for  agricultural  purposes  by 
most  authorities.   Some  suggest,  however,  it  can  be  as  high  as  7.5  me/ i 
under  good  drainage  conditions. 

The  concentration  of  chlorides  for  the  County  is  given  in  Figure 
9.3.   Since  the  ground  waters  of  the  County  average  less  than  1.5  me/£ 
(53  ppm),  they  are  considered  to  be  of  excellent  quality,  with  respect 
to  chlorides.   Only  in  a  few  isolated  areas  (near  Clarksburg,  Knights 
Landing,  and  an  area  northeast  of  Woodland)  does  the  chloride  content 
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fall  in  the  range  of  5  to  10  me/£  (178  to  356  ppm)  of  chloride,  which 
is  considered  to  be  good  quality  for  agricultural  purposes. 

Boron  -  Boron  is  an  essential  element  for  plant  growth.  However, 
at  concentrations  greater  than  approximately  1.0  mg/£,  boron  inay  be  toxic 
to  certain  plants.   Crops  may  be  classified  relative  to  their  boron  sensi- 
tivity, with  sensitive  plants  tolerating  concentrations  between  0  and  1 
mg/£,  semitolerant  plants  in  the  range  of  1  to  3  mg/£,  and  tolerant 
plants  functioning  above  3  mg/£  boron.   Most  of  the  crops  grown  in  Yolo 
County  are  semi-tolerant  to  tolerant.   A  summary  of  various  crops  in  each 
tolerance  range  is  listed  in  Table  B-3  of  Appendix  B. 

The  boron  concentration  of  ground  waters  in  Yolo  County,  for  each 
of  the  classes  mentioned  above,  is  shown  in  Figure  9.4.   The  areas  limited 
to  tolerant  crops  are  around  Cache  Creek  near  Madison,  Woodland,  and 
Knights  Landing  and  have  an  average  boron  concentration  of  4  mg/£. 
These  areas  show  the  impact  of  long  term  recharge  from  Cache  Creek,  which 
is  often  above  1.0  mg/£  in  boron  concentration. 

Nitrates  -  Nitrates  are  of  primary  concern  when  considering  the 
use  of  the  water  for  domestic  purposes.   Current  U.S.  Public  Health  Service 
CUSPHS)  Drinking  Water  Standards  limit  nitrate  concentrations  to  45 
mg/£.   In  this  study  nitrates  were  also  evaluated  in  relation  to  agricul- 
tural practices  since  high  nitrate  levels  are  in  some  cases  associated 
with  agricultural  activity. 

In  general,  groundwater  nitrate  levels  throughout  the  County  are 
very  good.   Figure  9.3  shows  44  wells  which,  over  the  last  25  years,  have 
had  a  nitrate  concentration  greater  than  10  mg/£  at  least  once.   Con- 
centrations in  eighteen  of  the  wells  were  greater  than  10  mg/£  only 
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once.   The  average  of  the  maximum  concentrations  of  all  the  wells  was 
28  mg/Jl,  well  below  the  drinking  water  standard. 

There  is  evidence  of  a  slight  overall  increase  in  the  nitrate  content 
of  the  ground  water  over  the  past  22  years. 

Summary  -  The  ground  waters  in  Yolo  County  are  of  good  quality 
for  agricultural  uses.   There  has  been  no  significant  variation  of  quality 
with  respect  to  well  depth  or  time  over  the  last  22  years.   The  ground 
water  in  certain  areas,  enumerated  in  the  previous  sections  and  illustrated 
in  the  appropriate  figures,  may  limit  agricultural  production  to  more 
tolerant  crops.   However,  the  ground  waters  are  relatively  low  in  saline 
forming  chloride  and  sodium  salts  and  thereby  do  not  constitute  a  hazard 
in  developing  sodic  or  alkali  soils. 

In  general,  the  ground  waters  of  Yolo  County  are  considered  to  be 
first  class  when  related  to  most  generally  accepted  criteria  for  agricul- 
tural uses.   However,  recent  criteria  proposed  by  the  California  Cooperative 
Extension  Service  suggest  that  waters  with  a  total  salt  concentration 
in  excess  of  7.5  me/£  (480  ppm)  would  not  qualify  as  first  class.   This 
limit  on  total  salts  is  not  considered  applicable  to  Yolo  County  since 
the  ground  waters  used  for  agricultural  purposes  have  a  high  calcium- 
magnesium  bicarbonate  content. 

At  this  time,  problem  areas  are  those  associated  with  high  levels 
of  boron  concentration  as  noted  earlier.   These  are  areas  with  waters 
having  a  boron  concentration  above  one  part  per  million,  which  may  be 
harmful  to  boron  sensitive  crops.   However,  it  appears  that  only  semi- 
tolerant  and  tolerant  field  and  vegetable  crops  are  grown  in  these  areas, 
and  the  boron  concentration  is  not  sufficiently  high  to  affect  the  yield 
or  quality  of  these  crops. 
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V 


Groundwater  Quality  for  Municipal  and  Industrial  Uses 

In  evaluating  ground  waters  used  for  municipal  and  industrial  purposes 
in  Yolo  County,  approximately  450  water  analyses  were  evaluated.   These 
came  from  about  130  private  and  municipal  wells  located  in  and  around 
the  population  centers  of  Davis,  East  Yolo,  Winters,  and  Woodland.   The 
analyses  were  compiled  by  the  University  of  California  Agricultural  Experi- 
ment Station  in  Davis  (1931),  the  DWR  from  1953-1971,  and  the  University 
of  California  Cooperative  Extension  Service  from  1965-1973.   The  following 
constituents  were  considered: 

-  Total  dissolved  solids 
Total  hardness 

-  Chlorides 
Nitrates 

-  Iron  and  manganese  (East  Yolo  only) . 

A  discussion  of  each  constituent  and  the  potential  problems  caused 
by  it,  when  present  in  concentrations  exceeding  recommended  values,  is 
presented  in  Appendix  B. 

Heavy  metals  were  not  included  in  the  evaluation  since  sampling  and 
analysis  of  these  has  been  infrequent.   On  the  basis  of  very  limited  data, 
it  does  not  appear  that  the  presence  of  trace  elements  in  the  ground  waters 
is  a  problem  at  this  time. 

For  each  separate  quality  constituent  an  evaluation  for  each  population 
center  was  completed  with  respect  to  time  and  depth  of  wells.   The  time  span 
varied  depending  upon  available  information  for  the  shallow  (0  ft-200  ft) 
and  intermediate  (200  ft-600  ft)  depth  ranges.   Summaries  of  each  for  the 
four  population  centers  are  given  in  Tables  9.1  through  9.5. 
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Davis  -  Ground  water  in  the  Lower  Cache-Putah  Basin  surrounding 
Davis  is  characterized  by  higher  concentrations  of  total  dissolved  solids 
and  hardness  in  an  easterly  direction  along  Putah  Creek,  reaching  a  maximum 
in  the  area  along  the  South  Fork  of  Putah  Creek  and  then  decreasing  slightly 
to  the  south.   In  1931,  total  dissolved  solids  increased  from  420  mg/£ 
to  580  mg/£  and  hardness  from  251  mg/£  to  305  mg/2,  in  an  easterly 
direction  in  wells  of  intermediate  depth.   At  that  time,  the  quality 
in  the  Davis  area  (Table  9.1)  was  better  than  that  in  the  surrounding 
basin. 

Over  the  last  forty  years,  the  concentrations  of  these  constituents 
in  the  western  and  eastern  portions  of  the  basin  have  increased  25  to 
50  percent,  while  in  the  Davis  area  total  dissolved  solids  and  hardness 
have  increased  approximately  75  percent.   Over  the  past  twenty  years, 
total  dissolved  solids  and  hardness  have  increased  approximately  30  percent. 

At  present,  the  concentration  of  total  dissolved  solids  C690  mg/£) 
exceeds  the  USPHS  recommended  standard  of  500  mg/i!,,  but  remains  below 
the  upper  limit  of  1000  mg/£.   Total  hardness  (420  mg/Jl)  is  classified 
as  hard  and  very  near  the  recommended  standard  of  500  mg/£-  Both 
of  these  characteristics  are  objectionable  based  only  on  consumer  sensitivity, 
but  do  not  in  general  present  a  health  problem.   Ground  water  in  the  shallow 
to  intermediate  ranges  is  too  hard  for  most  Industrial  purposes  and  must 
be  softened  for  use.   Nitrate  concentrations  are  not  significant,  rarely 
exceeding  5.0  mg/£.   Chloride  concentrations  have  doubled  over  the  last 
20  years,  but  their  present  level  (50  mg/Jl)  is  well  below  the  recommended 
standard.   Manganese  and  iron  concentrations  in  the  area  are  negligible  and 
are  very  rarely  measured  for  this  reason. 

The  increase  in  total  dissolved  solids  and  hardness  and  the  doubling 
of  chlorides  over  the  past  twenty  years  may  be  the  result  of  two  factors: 
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(1)  During  the  period  1960-69,  ponds  used  for  sewage  treatment  were  located 
on  alkali  soil  northeast  of  Davis  where  the  water  table  slopes  toward 
the  city.   Water  percolating  from  the  ponds  mixed  with  the  ground  water 
and  appeared  in  the  water  of  the  shallow  wells  (0-200  feet  in  depth). 
In  addition,  the  farmers  in  the  vicinity  of  the  sewage  plant  used  sewage 
water  for  irrigation.   Over-irrigation  contributed  to  a  buildup  of  chloride 
and  other  salts  in  the  ground  water.   (2)  Much  of  the  land  around  the 
old  sewer  plant  has  been  reclaimed  via  a  leaching  process  which  used  large 
amounts  of  sewage  effluent.   Consequently,  salts  in  the  soil  plus  the 
high  concentration  of  salts  in  the  sewage  water  have  been  leached  down, 
thereby  increasing  the  groundwater  salt  content  in  the  Davis  area. 

Table  9.1  summarizes  the  quality  of  ground  waters  used  for  municipal- 
industrial  supplies  in  the  Davis  area. 

East  Yolo  -   The  East  Yolo  Basin  surrounding  Broderick,  Bryte  and 
West  Sacramento  is  characterized  by  higher  quality  water  adjacent  to  the 
Sacramento  River.   This  basin  has  experienced  essentially  no  change  in 
groundwater  quality  since  1950. 

In  both  the  shallow  and  intermediate  depth  ranges,  concentrations 
of  total  dissolved  solids  and  chlorides  increase  in  a  westerly  direction 
across  the  basin  and  away  from  the  river.   North  of  Broderick,  total 
dissolved  solids  concentrations  decrease  with  depth:   370  mg/Jl  (shallow) 
and  340  mg/il  (intermediate)  along  the  river,  and  800  mg/X.  Cshallow) 
and  700  rag  1 1    (intermediate)  away  from  the  river.   Chloride  concentrations 
have  a  similar  relationship,  with  40  mg/S,  (shallow)  and  30  mg/Jl 
(intermediate)  along  the  river  and  200  mg/i  (shallow)  and  40  mg/£ 
(.intermediate)  away  from  the  river.   Hardness  is  constant  (about  185 
mg/2,)  along  the  river  for  both  depth  ranges,  while  away  from  the  river 
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it  decreases  with  depth  from  approximately  450  mg/£   (shallow)  to  165 
mg/£  Cintermediate) .   Nitrate  levels  are  negligible,  rarely  exceeding 
3.0  mg/£.   To  the  south,  the  relationship  between  concentrations  remains 
the  same,  with  the  concentration  of  each  constituent  gradually  decreasing 
with  depth  (except  in  the  Broderick-West  Sacramento  area  discussed  below). 
West  of  the  Clarksburg  area,  concentrations  also  generally  decrease  with 
depth:   total  dissolved  solids  concentrations  of  400  mg/£  (shallow) 
and  350  mg/£  (intermediate),  chloride  concentrations  of  50  mg/Jl 
(shallow)  and  60  mg/£  (intermediate),  and  hardness  concentrations  of 
100  mg/Z    (shallow)  and  80  mg/£  (intermediate). 

The  quality  of  ground  water  used  for  domestic  purposes  in  the  Broderick- 
West  Sacramento  area  has  not  changed  significantly  over  the  past  twenty 
years.   Quality  in  this  area  is  similar  to  that  found  in  the  surrounding 
basin  for  all  constituents  except  chloride,  iron,  and  manganese.   Chloride 
levels  in  wells  beyond  the  influence  of  the  Sacramento  River  have  consistently 
been  near  or  above  the  USPHS  limit  of  250  mg/£.   Iron  and/or  manganese 
concentrations  have  exceeded  USPHS  recommended  values  of  0.30  mg/Jl 
and  0.05  mg/£,  respectively.  These  three  constituents,  along  with  hydrogen 
sulfide  found  in  numerous  wells,  result  in  persistent  odor,  taste  and 
appearance  problems. 

In  contrast  to  the  surrounding  East  Yolo  Basin,  total  dissolved  solids 
concentrations  increase  with  depth  in  wells  located  near  the  river.   This 
results  mainly  from  the  closer  proximity  of  municipal  wells  to  the  river. 
Municipal  wells  located  further  from  the  river  correspond  with  the  surrounding 
basin  in  that  total  dissolved  solids  decrease  with  depth.   Waters  from 
municipal  wells  near  the  river  have  a  total  dissolved  solids  content  of 
440  mg/£  which  is  close  to  the  USPHS  recommended  standard.   Waters  from 
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wells  further  from  the  river  exceed  the  recommended  standard.   The  hardness 
of  the  water  has  remained  constant  over  the  past  20  years,  approximately 
170  mg/X,  at  all  depths.   It  is  classified  as  moderately  soft.   Nitrate 
levels  are  very  low  Cless  than  1.0  mg/£)  and  considered  negligible. 

Tables  9.2  and  9.3  summarize  the  quality  of  ground  water  used  for 
municipal-industrial  purposes  in  the  East  Yolo  area. 

Winters  -  The  water  from  wells  in  the  Upper  Cache-Putah  Basin 
surrounding  Winters  is  characterized  by  decreasing  total  dissolved  solids, 
hardness,  and  chloride  concentrations  with  depth.   Over  the  last  twenty 
years  the  quality  of  ground  water  in  the  basin  has  not  changed  significantly. 
Total  dissolved  solids  concentrations  are  350  mg/ii  (shallow)  and  310 
mg/«,   (intermediate);  hardness  220  mgl I    (shallow)  and  200  mg/ji 
(intermediate);  chlorides  33  mg/£  (shallow)  and  12  mg/£  (intermediate); 
and  nitrates  8.0  mgl I    (shallow)  and  9.0  mg/£  (intermediate). 

The  quality  of  ground  water  used  for  domestic  purposes  in  the  Winters 
area  was  evaluated  in  1931  and  during  the  period  1960-69.   As  illustrated 
in  Table  9.4,  there  has  been  no  significant  change  in  quality.   Consistent 
with  the  surrounding  basin,  water  quality  of  city  wells  is  characterized 
by  a  decrease  in  total  dissolved  solids,  hardness,  and  chlorides  with 
increased  depth.   Total  dissolved  solids  in  both  the  shallow  range  (380 
mg/il)  and  the  intermediate  range  (370  mg/£)  are  well  within  recommended 
drinking  water  standards.   Chloride  concentrations  average  31  mg/£ 
(shallow)  and  15  mg/Jl  (intermediate),  both  well  below  the  recommended 
standard  of  250  mg/£.   Nitrate  concentrations  rarely  exceed  10  mg/Jl 
and  present  no  problem.   Hardness  in  the  area  (280  mg/£  in  the  shallow 
range  and  250  mg/£  in  the  intermediate  range)  is  classified  as  moderately 
hard.   These  levels  of  hardness  again  may  be  objectionable  based  upon 
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consumer  sensitivity  and  are  not  practical  for  industrial  purposes  unless 
softened. 

Woodland  -  The  ground  waters  of  the  northern  portion  of  the  Lower 
Cache-Putah  Basin  surrounding  Woodland  are  characterized  by  increasing 
total  dissolved  solids  and  hardness  from  north  to  south  through  the  basin. 
Concentrations  of  total  dissolved  solids,  hardness,  chlorides,  and  nitrates 
decrease  throughout  the  basin  with  increasing  depth.   North  of  the  basin, 
total  dissolved  solids  and  hardness  concentrations  increase  from  300  mg/Jl 
and  210  mg/£,  respectively,  in  the  Dunnigan-Zamora  area  to  A22  mg/Jl 
and  288  mg/Jl  just  north  of  Woodland.   This  pattern  continues  into  the 
lower  portion  of  the  basin,  with  the  increases  being  more  pronounced  in 
the  southeast.   Concentrations  in  the  middle  and  southwestern  sections 
of  the  basin  are  460  mg/Jl  total  dissolved  solids  and  320  mg/Jl  hardness 
compared  to  the  southeastern  section  with  about  520  mg/^  total  dissolved 
solids  and  340  mg/£  hardness. 

During  the  last  twenty  years  there  has  been  no  significant  increase 
in  total  dissolved  solids  or  hardness  in  the  basin. 

The  quality  of  groundwater  in  the  Woodland  area  is  similar  to  that 
in  the  surrounding  basin.   Variations  of  constituent  concentration  with 
depth  are  also  similar;  i.e.,  concentrations  of  total  dissolved  solids, 
hardness,  chlorides,  and  nitrates  decrease  with  Increasing  depth.   Total 
dissolved  solids  concentrations  of  480  mg/£  (shallow)  and  420  mg/£. 
(intermediate)  are  within  the  USPHS  recommended  standard.   Hardness  of 
300  mg/£  (shallow)  and  250  Tag/ 1    (intermediate)  is  classified  as  moderately 
hard.   Chloride  concentrations,  approximately  60  mg/il,  are  well  below 
the  recommended  value  of  250  mg/£  and  present  no  domestic  problem. 
Nitrate  concentrations  are  not  significant,  rarely  exceeding  5.0  mg/Z. 
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In  general,  the  quality  of  waters  used  for  domestic  and  industrial 
purposes  in  Woodland  corresponds  well  with  the  surrounding  basin  and  has 
not  changed  significantly  in  the  last  twenty  years.   A  summary  of  water 
quality  from  wells  in  the  Woodland  area  is  included  in  Table  9.5. 

Summary  -  In  general,  the  ground  waters  of  Yolo  County  are  of  fair 
quality  for  domestic  purposes.   Total  dissolved  solids  and  hardness  are 
the  most  objectionable  characteristics  throughout  the  entire  County,  with 
iron,  manganese,  chlorides,  and  hydrogen  sulfide  presenting  serious  problems 
in  the  East  Yolo  area.   Total  dissolved  solids  and  hardness  are  also  a 
major  limitation  to  some  industrial  uses  since  softening  is  required. 
There  has  been  a  slight  degradation  in  the  quality  of  ground  waters  used 
for  domestic  and  industrial  supplies  throughout  the  County  over  the  last 
22  years  with  a  major  decline  in  quality  occurring  in  the  Davis  area. 

Deep  Confined  Ground  Water 

Deep  confined  ground  water  (below  1000  feet)  located  in  the  Davis 
area  is  used  primarily  by  the  University  of  California  to  meet  domestic 
water  needs  of  the  campus. 

It  should  be  noted  that  use  of  this  water  is  limited  to  nonagricultural, 
municipal  and  industrial  purposes  because  the  principal  cation  species 
is  sodium.   Exchange  reactions  between  the  sodium  ions  and  the  soil  matrix 
create  an  eventual  sealing  of  the  soil  surface  and  ponding  of  irrigation 
water.   As  a  result,  constituents  normally  leached  through  the  soil  are 
concentrated  at  the  soil  surface  and  may  exceed  the  tolerance  levels  of 
numerous  plants. 

The  Davis  campus.  University  of  California,  found  it  necessary  to 
construct  separate  distribution  systems  to  limit  the  deep  confined  water 
to  domestic  uses,  while  shallow  and  intermediate  ground  waters  are  used 
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for  irrigation  of  lawns  and  greenhouse  plants,  and  for  other  experimental 
facilities. 

It  appears  that  greater  use  of  the  deep  confined  water  for  nonagricul- 
tural,  municipal  and  industrial  uses  is  possible;  however,  storage,  recharge, 
and  yield  may  be  limited. 
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SURFACE  WATER 

Surface  Watercourses  -  Surface  waters  in  the  County  were  analyzed 
for  six  locations  regularly  monitored  by  the  DWR  and  the  USER;  i.e.,  Cache 
Creek  at  Capay,  Colusa  Basin  Drain  at  Knights  Landing,  Capay-Willow  Slough 
near  Davis,  Putah  Creek  near  Winters,  South  Fork  of  Putah  Creek  near  Davis 
and  the  Sacramento  River  at  Freeport. 

To  compare  surface  water  quality  and  its  impact  on  ground  water, 
analyses  of  the  same  constituents  considered  for  agricultural  and  domestic 
uses  were  evaluated.   These  constituents  include:   total  dissolved  solids, 
hardness,  percent  sodium,  chlorides,  nitrates,  boron.  Iron,  and  manganese. 

Data  evaluated  included  sampled  analyses  from  1951  to  1973,  except 
in  the  Colusa  Basin  Drain  where  data  are  only  available  from  1966.   The 
average  quality  of  surface  waters  at  each  sampling  point  is  given  in  Figure 
9.5. 

It  appears  that  the  only  adverse  impact  caused  by  any  of  the  above 
on  groundwater  quality  may  be  due  to  the  water  quality  of  the  Colusa  Basin 
Drain,  particularly  in  the  Knights  Landing  area,  where  the  quality  is 
low  for  both  agricultural  and  domestic  uses.   Total  dissolved  solids  in 
the  Drain  are  6.87  me/il  (440  mg/£),  hardness  is  194  mg/£,  chloride  concen- 
tration 1.3  me/ a      (48  mg/£),  nitrates  2.6  mg/i,   and  the  cations  are  47 
percent  sodium.   In  addition,  the  surrounding  area  is  comprised  of  low 
lands  near  the  Sacramento  River  where  salts  tend  to  accumulate  due  to  poor 
local  drainage. 

Surface  Water  Quality  in  the  Yolo  County  Flood  Control  and  Water 
Conservation  District  -  Because  of  the  extensive  distribution  of  Cache 
Creek  water  by  the  YCFCWCD,  considerable  attention  was  given  to  the  quality 
of  waters  in  the  District's  system. 
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The  quality  of  surface  waters  within  the  District  is  directly  related 
to  the  quality  of  Cache  Creek  waters.   In  Cache  Creek  near  Capay,  the 
total  dissolved  solids  concentration  averages  4.42  me/£  (265  mg/£), 
the  chloride  concentration  is  0.55  me/JJ.  (19.5  ing/£),  the  boron  content 
averages  about  1.0  mg/£,  and  the  water  has  about  23  percent  sodium. 
Concentrations  of  these  constituents  in  the  irrigation  canals  into  which 
Cache  Creek  water  is  diverted  are  within  five  percent  of  the  values  found 
near  Capay,  as  illustrated  in  Figure  9.5.   The  surface  waters  used  in 
the  District  are  of  excellent  quality  for  agricultural  purposes  except 
for  boron  concentrations  which  approach  a  level  limiting  agriculture 
to  semi-tolerant  and  tolerant  plants. 

The  southern  portion  of  the  District  is  bordered  by  Putah  Creek. 
The  water  in  this  Creek  is  of  a  higher  quality  than  Cache  Creek  for  agri- 
cultural uses.   The  most  significant  difference  is  in  boron  concentration. 
In  the  vicinity  of  Winters,  total  dissolved  solids  concentrations  in  Putah 
Creek  average  3.28  me/£  (210  mg/£),  chlorides  0.16  me/£  (5.7  mg/£), 
boron  0.16  mg/£,  and  the  water  has  12  percent  sodium.   The  low  boron 
concentration  in  Putah  Creek  makes  it  acceptable  for  plants  with  high 
boron  sensitivity;  concentrations  of  other  constituents  classify  it  as 
excellent  from  an  agricultural  standpoint. 

Both  Cache  Creek  and  Putah  Creek  waters  are  acceptable  for  domestic 
purposes,  since  none  of  the  measured  constituents  exceed  the  standards 
recommended  by  the  USPHS.   Waters  from  both  sources  are  moderately  soft. 
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SEWAGE  TREATMENT  FACILITIES  AND  EFFLUENT 

Part  of  the  determination  of  surface  water  quality  included  an  analysis 
of  sewage  treatment  plant  effluent.   Since  the  sewage  effluent  of  the 
County's  treatment  plants  is  monitored  for  only  the  standard  bacterial 
and  biological  constituents,  no  historical  record  of  other  constituents 
is  available.   Consequently,  samples  of  the  effluent  from  six  sewage 
treatment  facilities  were  collected  and  analyzed  in  1974  by  personnel 
in  the  water  quality  laboratory.  Department  of  Water  Science  and  Engineering, 
University  of  California  at  Davis.   The  sewage  facilities  sampled  were: 

-  West  Sacramento  Sanitary  District  Sewage  Treatment  Plant 
City  of  Davis  Sewage  Treatment  Plant 

-  University  of  California,  Davis,  Sewage  Treatment  Plant 
City  of  Woodland  Sewage  Treatment  Plant 

-  City  of  Winters  Sewage  Treatment  Plant 

-  El  Macero  Trickling  Filter  Facility. 

The  effluent  from  each  facility  was  analyzed  for  those  constituents 
considered  in  the  evaluation  of  ground  waters  used  for  domestic  and  industrial 
purposes  (excluding  iron  and  manganese)  and  percent  sodium.   Table  9.6 
is  a  summary  of  the  quality  of  the  effluent  from  these  facilities. 

West  Sacramento  Sanitary  District  -  Sewage  effluent  from  this  plant 
is  relatively  high  in  total  dissolved  solids  at  14.1  me/Jl  (982  mg/£), 
with  5.2  me/£  (185  mg/x)  chlorides  and  46  percent  sodium.   Since  the 
composition  of  well  waters  varies  so  widely  by  depth  and  location,  it 
is  difficult  to  estimate  the  amount  of  salt  increase  in  the  wastewater. 
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Sewage  effluent  from  this  area  is  presently  discharged  into  the  Sacramento 
River  with  probable  future  discharge  to  the  Sacramento  Metropolitan  Sewage 
District. 

Davis  -  The  principal  factor  of  interest  regarding  wastewater 
in  the  Davis  area  is  the  increase  in  salts  relative  to  domestic  well  water 
quality.   This  can  be  attributed  primarily  to  the  large  number  of  water 
softeners  used  in  Davis.   Specifically,  the  high  chloride  content  of  the 
sewage  (197  mg/£)  and  high  sodium  (46  percent),  compared  to  the  well 
waters  with  50  mg/£  chloride  and  20  to  30  percent  sodium,  indicate  the 
contribution  of  softeners  to  this  salt  increase. 

University  of  California  at  Davis  -  The  water  used  for  domestic 
purposes  on  the  campus  is  pumped  from  wells  1300-1500  ft  deep.   In  this 
interval,  the  water  is  relatively  soft  (150  mg/Jl  as  CaCO.),  about 
one-third  the  hardness  found  in  the  intermediate  depth  range  from  which 
the  City  of  Davis  pumps.   The  deep  well  water  is  not  suitable  for  irrigation 
purposes  because  of  high  concentrations  of  sodium  bicarbonate.   Application 
of  this  water  would  result  in  an  alkali  soil  with  greatly  reduced  soil 
permeability. 

The  Davis  Campus,  University  of  California,  sewage  effluent  is  not 
used  for  irrigation  but  is  discharged  into  Putah  Creek.   Total  hardness 
and  percent  sodium  remain  relatively  constant  between  the  domestic  supply 
and  sewage  effluent,  with  values  of  140  mg/£.  and  60  percent,  respectively. 
This  consistency  relates  to  the  minor  use  of  water  softeners  on  the  campus. 

Woodland  -  Sewage  effluent  in  this  area  is  characterized  by  a 
large  increase  in  chloride  concentration  (60  mg/Jl  to  173  mg/£)  and 
sodium  percentage  (30%  to  41%)  over  the  domestic  water  source.   This 
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increase  is  indicative  of  a  large  number  of  water  softeners  used  in  the 
Woodland  area.   Despite  the  high  concentration  of  total  salts,  13.0  me/Jl 
(832  mg/£),  the  water  is  satisfactory  for  irrigation  because  the  principal 
salts  are  calcium-magnesium  bicarbonate. 

Winters  -  The  treated  effluent  from  Winters  is  discharged  into 
Putah  Creek  and  is  of  good  quality  for  irrigation  and  groundwater  recharge. 
Chloride  concentration  and  percent  sodium  are  relatively  low,  indicating 
a  relatively  smaller  use  of  water  softeners  than  in  Davis  and  Woodland. 

El  Macero  -  The  quality  of  ground  water  for  domestic  uses  in  this 
suburban  community  near  Davis  is  poor.   Groundwater  quality  in  this  area 
varies  widely  in  composition  and  no  regular  or  systematic  analyses  have 
been  made.   Sample  analyses  show  high  total  dissolved  solids  concentration 
(830  mg/Jl)  and  high  hardness  levels  (450  mgl I   as  CaCO  ) . 

The  sewage  effluent  is  discharged  into  Putah  Creek  and  is  of  poor 
quality:   total  dissolved  solids  of  24.3  me/£  (1557  mg/£),  chloride 
concentration  of  10.1  me/Jl  (559  mg/Jl),  and  a  sodium  percentage  of 
63.   The  increase  in  chlorides,  nearly  fivefold,  and  the  large  increase 
in  percent  sodium  above  the  domestic  water  supply  indicates  that  all  or 
nearly  all  of  the  homes  in  the  area  use  water  softeners. 
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SALT  EVALUATION  AND  GROUNDWATER  QUALITY  FORECAST 

Forecasts  of  groundwater  quality  were  determined  by  use  of  a  salt 
evaluation  for  each  groundwater  basin  within  the  County.   A  salt  evaluation 
is  essentially  an  accounting  of  all  salt  inflows  and  outflows  within  a 
basin.   Salts  in  the  waters  of  the  County  include  calcium,  magnesium, 
sodium,  and  potassium  as  bicarbonate,  sulfate,  and  chloride. 

The  basins  in  Yolo  County  were  studied  by  taking  a  two  part  approach: 
i.e.,  a  surface  water  salt  evaluation  and  a  groundwater  salt  evaluation. 
The  mass  of  salt  moving  through  a  basin  is  the  product  of  the  volumetric 
flow  rate  of  water  and  the  concentration  of  salt  in  the  water.   Con- 
sequently, salt  movement  and  balance  were  calculated  using  saturated  flow 
rates  determined  in  the  hydrologic  evaluation  and  measured  salt  concentrations 
of  surface  and  ground  water. 

In  this  investigation,  forecasts  of  total  dissolved  salt  concentrations 
(the  weight  of  total  dissolved  salts  in  a  measured  volume  of  water)  and 
chloride  salt  concentrations  were  made  for  the  groundwater  basins,  with  extrap- 
olation of  other  constituents  in  the  populated  areas.   Chloride  was  considered 
separately  because  it  produces  saline  salts,  particularly  harmful  to 
agriculture;  and  in  addition,  it  is  not  influenced  by  soil  exchange  reactions 
as  are  concentrations  of  total  dissolved  salts. 

Surface  Water  Salt  Evaluations  -  The  surface  water  salt  evaluation 
consisted  of  accounting  for  all  flows  in  the  basin  above  the  ground  surface. 
Surface  salt  inflows  to  a  basin  include  precipitation,  pumpage,  stream 
flow,  and  diversions. 

Salt  inflows  due  to  precipitation  were  evaluated  using  samples  of 
rain  water  taken  in  Davis  and  analvzed  in  the  water  laboratory  of  the 
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Department  of  Water  Science  and  Engineering,  University  of  California 
at  Davis.   The  mass  inflow  of  salts  due  to  pumpage  was  calculated  using 
average  groundwater  concentrations  and  the  amount  of  water  pumped  for 
agricultural  uses.   Salts  in  stream  flows  and  diversions  are  the  product 
of  flow  rates  and  average  salt  concentrations. 

These  inflows  are  balanced  by  surface  salt  outflows  which  include: 
stream  outflows 

-  diversion  outflow  or  spills 
deep  percolation. 

The  deep  percolation  of  salts  is  the  quantity  of  salt  transported  to  the 
groundwater  table  from  the  ground  surface. 

Ground  Water  -  The  groundwater  salt  evaluation  consisted  of  accounting 
for  all  flows  between  the  ground  surface  and  the  base  of  the  intermediate 
aquifer  (600-700  feet) .   Groundwater  salt  inflows  to  a  basin  include: 

subsurface  inflow  from  another  groundwater  basin,  a  bordering 
stream,  or  outside  the  County 
deep  percolation. 
Subsurface  salt  inflows  were  calculated  using  average  groundwater  con- 
centration and  subsurface  flows  discussed  earlier. 

These  inflows  are  balanced  by  groundwater  salt  outflows  which  include: 

-  subsurface  outflows 
pumpage. 

Calculations  of  forecast  groundwater  quality  were  made  in  five  year 
increments  and  based  on  the  rate  of  accumulation  of  total  dissolved  solids 
and  chloride  salts  in  each  groundwater  basin,  quality  variations  in  deep 
percolation  of  surface  water,  and  changes  in  subsurface  flows.   Forecasts 
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were  developed  for  two  conditions:   i.e.,  that  additional,  new  supplemental 
water  will  be  available  to  the  County,  and  that  no  new  supplemental  water  will 
be  imported.   A  simplified  model  of  the  deep  percolation  of  salts  was  used 
which  assumes  complete  mixing  of  the  percolating  salts  with  those  in  the 
first  two  hundred  feet  of  the  saturated  zone.   Ion  concentration  changes  in 
the  intermediate  range  were  evaluated  assuming  a  ten  year  time  differential 
for  movement  between  the  shallow  and  intermediate  ranges.   Evaluation  of 
salt  increases  with  supplemental  surface  water  deliveries  assumed  comple- 
tion of  surface  water  importation  facilities  between  1980-85  so  that  the 
impact  of  higher  quality  supplemental  water  could  be  evaluated  within  the 
study  period. 

Forecast  concentrations  of  total  dissolved  salts  and  chloride  salts  in 
1990  for  the  two  conditions  are  summarized  in  Tables  9.7  and  9.8. 

The  results  indicate  that  increasing  water  utilization  will  cause  in- 
creases in  total  dissolved  solids  and  chloride  salt  concentrations  in  the 
ground  waters  of  the  County.   Total  dissolved  solids  and  chloride  salt  con- 
centrations in  the  shallow  well  depth  range  could  increase  10.8  and  11.6 
percent,  respectively,  over  the  next  fifteen  years  without  supplemental  sur- 
face water  deliveries.   Importation  of  Sacramento  River  water  and  the  asso- 
ciated greater  application  of  water  through  irrigation  could  result  in 
County-wide  average  total  dissolved  solids  and  chloride  increases  of  13.1 
and  15.4  percent,  respectively,  in  the  shallow  well  depth  range.   The 
largest  increases  could  occur  in  the  Lower  Cache-Putah  Plain,  where  increases 
of  134  mg/1  in  total  dissolved  solids  and  16.5  mg/1  in  chloride  salts  are 
forecast,  if  no  new  supplemental  surface  water  is  available. 
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Forecasts  of  total  dissolved  solids  and  chloride  concentrations  for 
2020  were  developed  for  the  shallow  (0-200  feet)  and  intermediate  (200-600 
feet)  intervals  on  a  County-wide  basis  and  not  by  individual  groundwater 
basin.   Based  on  total  water  requirements  and  projected  sources  of  supply 
for  2020,  including  imported  supplemental  surface  water,  total  dissolved 
solids  and  chloride  concentrations  are  expected  to  increase  by  over  20 
percent  over  1970  levels. 

The  salt  increases  noted  above  should  be  considered  as  approximate 
concentrations  based  on  the  model  used.   A  more  accurate  approximation 
would  have  to  consider  complicated  soil  processes,  the  location  and  extent 
of  perched  water  tables,  and  the  solubility  of  salts  in  the  unsaturated 
zone. 

Summary  -  It  appears  that  the  average  forecast  concentrations  of  total 
dissolved  solids  and  chlorides,  summarized  in  Tables  9.7  and  9.8,  will 
present  no  immediate  problem  to  agriculture  since  only  15  to  20  percent  of 
the  salts  are  saline  producing  salts  and  about  80  percent  are  nonsaline 
calcium-magnesium  bicarbonate  salts. 

Forecast  groundwater  quality  in  the  urban  areas,  summarized  in  Tables 
9.1  to  9.5,  indicates  that  ground  water  in  those  areas  will  become  poorer 
for  domestic  and  industrial  purposes.   Total  dissolved  solids  and  hardness 
are  expected  to  increase  County-wide,  and  iron  and  manganese  will  continue 
to  present  problems  in  the  East  Yolo  area. 
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IMPACT  OF  LAND  DISPOSAL  OF  WASTEWATER 

A  major  consideration  in  the  land  application/disposal  of  wastewater 
or  treated  effluent  should  be  its  impact  on  groundwater  quality.  Factors 
to  be  considered  in  determining  the  impact  of  wastewater  include:   concen- 
trations of  constituents  in  the  wastewater  or  treated  effluent,  and  the 
location  chosen  for  land  application. 

These  factors  are  interrelated  in  that  the  location  chosen  for  land 
application  determines  both  the  quantity  and  quality  of  the  water  recharging 
the  groundwater  reservoir.   In  addition,  there  are  many  other  variables 
that  must  be  considered  in  evaluating  the  possible  impact  of  land  applica- 
tion of  wastev/ater,  such  as:  local  climate  (precipitation,  evapotranspiration, 
and  temperature),  hydrogeologic  characteristics,  seasonal  depth  to  ground 
water,  subsurface  permeability,  infiltration  capability  (gradation  of 
materials,  type  and  quantity  of  clay,  cation  exchange  capacity,  heavy 
metal  adsorption  potential,  and  organic  matter),  plant  cover,  nutrient 
removal  capability  and  toxicity  levels,  and  topography  (slope,  erosion 
hazard,  and  crop  and  farm  management). 

An  accurate  evaluation  also  requires  a  detailed  biological  and  chemical 
analysis  of  the  wastewater.   Special  consideration  should  be  given  to 
the  presence  of  chloride,  nitrate,  biological  contaminants,  and  heavy 
metal  concentrations.   Excessive  quantities  of  the  heavy  metals,  such 
as  nickel  (Ni) ,  manganese  (Mn) ,  lead  (Pb),  chromium  (Cr) ,  cadmium  (Cd), 
zinc  CZn) ,  copper  (Cu) ,  iron  (Fe) ,  and  mercury  (Hg)  will  interfere  with 
both  agricultural  and  domestic  uses  of  the  ground  water. 

The  land  application  of  wastewater  or  treated  effluent  in  Yolo  County 
is  "site  specific".   That  is,  there  are  site  possibilities,  but  each  would 


-123- 


have  to  be  evaluated  on  the  basis  of  the  variables  listed  above  in  terms 
of  coming  to  a  conclusion  concerning  the  advantages  and  disadvantages. 
The  impact  of  wastewater  application  on  any  area  requires  a  com- 
prehensive understanding  of  the  principles  involved  and  site  evaluation  by 
specialists. 
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Chapter  10     Groundwater    Management 

At  the  present  stage  of  development  of  the  State  of  California,  all 
counties  should  have  a  Water  Plan.   Water  is  being  appropriated  from  areas 
of  surplus  and  allocated  to  areas  of  water  deficiency.   It  is  necessary 
for  Yolo  County  to  know  quite  accurately  its  water  status  today  and  anti- 
cipate its  water  needs  for  its  ultimate  future  because  it  is  apparent 
that  all  economically  available  water  supplies  will  be  unobtainable  in 
a  few  years. 

Of  prime  importance  to  Yolo  County  water  is  groundwater  and  its 
characteristics.   It  comprises  a  large  component  of  Yolo  County's  water 
supply;  and  to  the  extent  that  it  is  deficient  to  meet  present  and  future 
water  requirements,  surface  waters  must  be  developed.   This  investiga- 
tion has  determined  the  perennial  yield  of  Yolo  County's  groundwater 
supply  and  the  characteristics  of  its  quality,  movement  and  the  extent  of 
groundwater  storage  capacity. 

A  County  Water  Plan  would  be  based  upon  the  optimum  utilization 
of  all  water  resource  development  facilities  to  develop  the  least  cost 
adequate  water  supply  to  meet  the  present  and  future  water  needs  of  Yolo 
County.   Groundwater  planning  is  an  important  part  of  a  Yolo  County  Water 
Plan.   Good  water  management  is  required  to  fulfill  the  water  plan  and 
achieve  its  objectives. 

Groundwater  management  is  the  mode  of  operating  water  facilities  to 
most  efficiently  develop  water,  all  other  factors  being  considered. 
Historically,  groundwater  management  evolved  in  response  primarily  to 
economic  stimulus.   Following  initial  development  of  a  groundwater  basin 
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adverse  economic  factors  evolve,  such  as  excessive  pumping  lifts  or 
deterioration  of  water  quality.   A  management  plan  can  deal  with  these 
problems.   To  the  extent  these  and  related  problems  can  be  predicted, 
better  planning  can  be  achieved. 
Major  Water  Problems  in  Yolo  County 

Current  and  forecast  water  conditions  include  problems  with  both 
quantity,  or  supply  and  quality.   As  summarized  in  Table  8.5  and  Table 
8.6,  a  small  deficiency  in  water  supply  existed  during  the  study  period 
of  1963-1972.   These  deficiencies  amounted  to  an  average  of  12,000  acre- 
feet  per  year  and  were  met  by  overdrafting  groundwater.   Perspective  on 
this  overdraft  is  gained  by  comparing  it  to  the  average  annual  ground- 
water draft  for  this  period,  343,100  acre-feet,  and  by  keeping  in  mind 
that  the  groundwater  storage  capacity  of  Yolo  County  within  the  depth 
zone  between  20  and  220  feet  is  6,930,800  acre-feet.   (Table  8.2)   With 
the  construction  of  the  Indian  Valley  Reservoir  and  with  the  addition  of 
its  average  annual  yield  of  48,000  acre-feet  to  the  water  situation, 
the  current  water  situation  is  greatly  improved.   To  appreciate  the 
beneficial  effect  of  this  new  reservoir,  add  its  average  yield  to  the 

iounty  deficit  and  this  average  annual  deficit 


ac 


becomes  a  surplus  averaging \36psDCte  acre-feet.   For  the  1963-1972  period, 
this  would  have  resulted  in  a  total  surplus  of  Qj^OAQoM  acre-feet . 
Because  the  Indian  Valley  Reservoir  water  does  not  reach  all  of  the 
County's  groundwater  basins,  the  overdraft  of  Colusa  and  East  Yolo  basins. 
Figure  8.1   and  Table  8.5,  would  be  little  effected  by  this  water. 

Table  8.6   indicates  that  by  1990,  with  no  new  water  supply,  this 
Indian  Valley  Reservoir  surplus  would  be  fully  utilized  and  a  deficit  of 


-126- 


9 


52,600  acre-feet  per  year,  that  would  probably  be  obtained  by  overdraft 
of  the  groundwater,  would  occur.   Here  it  is  necessary  to  point  out  that 
the  present  construction  activity  and  financing  plans  of  the  U.S.  Bureau 
of  Reclamation  on  the  Tehama-Colusa  Canal  plus  the  water  supply  contract 
and  distribution  system  construction  contract  that  exist  between  the  U.S. 
Bureau  of  Reclamation  and  the  Dunnigan  Water  District  and  additionally 
the  inclusion  of  the  Yolo-Zamora  Water  District  within  the  service  area 
of  the  Tehama-Colusa  Canal  all  produce  a  high  probability  of  these  Water 
Districts  obtaining  their  Tehama-Colusa  water  early  in  the  1980's.   Thus, 
with  these  Districts  obtaining  about  59,000  acre-feet  of  annual  water 
supply,  there  would  be  no  water  deficit  in  1990.   At  the  same  time,  the 
Yolo  County  Flood  Control  and  Water  Conservation  District  has  an  applica- 
tion for  125,000  acre-feet  annual  supply  from  this  same  source.   If  this 
supply  is  obtained  and  used,  the  water  supply  would  be  sufficient  until 
beyond  the  year  2000. 

A  long  term  water  problem  is  that  of  water  quality  deterioration 
due  to  little  outflow  from  Yolo  County  ground  water  basins.   By  1990, 
total  dissolved  solids  will  increase  approximately  ten  to  thirteen  per- 
cent over  1970  levels,  with  total  dissolved  solids  exceeding  800  mg/1 
and  chlorides  exceeding  100  mg/1  in  the  area  of  greatest  concentration, 
the  Lower  Cache-Putah  Basin.   Under  these  conditions,  groundwater  quality 
will  remain  good  for  agricultural  uses  and  generally  acceptable  for  muni- 
cipal and  industrial  uses.   However,  the  present  quality  of  water  for 
domestic  users  in  East  Yolo  is  less  than  desirable  for  many  consumers. 
In  addition,  the  quality  of  water  for  domestic  users  in  the  City  of  Davis 
has  been  steadily  declining. 
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Water  Problem  Solutions 

Yolo  County  is  fortunate  in  that  residents  have  formed  or  are 
forming  local  water  districts  to  solve  their  water  problems.   These 
efforts  have  been  so  well  planned  and  developed  that  they  will,  if 
successful,  solve  the  water  quantity  problem  until  beyond  the  year  2000 
and  will  also  go  far  toward  solving  the  water  quality  problems.   These 
activities  by  local  water  agencies  are: 
Yolo  County  Flood  Control  and  Water  Conservation  District 

The  Yolo  County  Flood  Control  and  Water  Conservation  District  has 
recently  completed  construction  of  the  Indian  Valley  Dam  and  Reservoir 
on  the  North  Fork  of  Cache  Creek.   Preliminary  calculations  by  the 
YCFCWCD  indicate  that  the  maximum  conjunctive  yield  of  Indian  Valley  and 
Clear  Lake  will  be  228,000  acre-feet  per  year;  but  the  long  term  average 
conjunctive  yield  of  the  two  reservoirs  will  be  180,000  to  190,000  acre- 
feet  per  year.   The  availability  of  these  flows  for  diversion  by  the 
YCFCWCD  beginning  in  1976,  has  been  included  in  the  forecasts  developed 
in  this  investigation  for  1990  if  no  other  new  sources  of  supplemental 
water  are  available.   (Table  8.6) 

In  addition  to  Indian  Valley,  the  YCFCWCD  has  indicated  an  interest 
in  negotiating  with  the  Bureau  of  Reclamation  for  up  to  125,000  acre-feet 
per  year  from  the  Tehama-Colusa  Canal. 
Dunnigan  Water  District 

The  Dunnigan  Water  District  has  contracted  for  19,000  acre-feet  per 
year  with  the  Bureau  of  Reclamation.   It  has  also  contracted  with  the 
Bureau  for  construction  of  the  distribution  to  handle  the  new  water 
supply. 
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Yolo-Zamora  Water  District 

The  Yolo-Zamora  Water  District  is  seeking  a  new  water  supply  of 
40,000  acre-feet  per  year  from  the  Bureau  of  Reclamation's  Tehama- 
Colusa  Canal.   Conveyance  of  this  water  from  the  terminus  of  the  Tehama- 
Colusa  Canal  to  the  District's  service  area  poses  an  unresolved  problem. 
City  of  Davis 

The  City  of  Davis  is  currently  evaluating  its  water  supply  system  and 
considering  alternatives  for  future  supply  and  distribution. 
Groundwater  Management  Opportunities 

Information  developed  in  this  groundwater  investigation  has  revealed 
several  groundwater  management  opportunities  for  Yolo  County,  including 
the  following: 
Local  Optimization 

In  certain  areas  of  the  County,  notably  northeast  of  Davis,  north 
of  W^oodland,  and  in  the  Colusa  Basin,  localized  pumping  depressions  have 
developed  due  to  high  pumping  rates  and/or  low  transmissivities.   As  a 
result,  overdraft  has  occurred  in  these  areas.   Improvement  could  be 
achieved  by  maximizing  use  of  surface  water,  where  available,  and  by 
selective  operation  of  wells  where  a  number  of  wells  contribute  to  a 
common  distribution  system.   In  the  Colusa  Basin,  water  from  the  Tehama- 
Colusa  Canal  is  being  sought.   Experience  on  the  University  of  California, 
Davis   Campus  shows  that  groundwater  levels  have  risen  beneath  University 
lands  in  response  to  increased  use  of  surface  water  from  the   Solano 
Project.   Similarly,  in  the  City  of  Davis,  decreased  use  of  wells  in 
the  eastern  part  of  the  City  would  relieve  the  depression  in  that  area 
and  result  in  use  of  higher  quality  water  available  in  the  western  part 
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of  the  City  or  perhaps  from  a  surface  water  source.   The  net  result  would 
be  some  relief  of  the  groundwater  overdraft  northeast  of  Davis.   This 
benefit  would  have  to  be  balanced  against  increased  energy  requirements 
associated  with  distribution  of  the  water  at  the  surface. 
Alternate  Municipal  and  Industrial  Supplies 

Existing  groundwater  supplies  for  municipal  and  industrial  uses 
within  the  County  are  characterized  by  high  total  dissolved  solids  and 
hardness.   Further,  in  the  Davis  area,  water  quality  has  been  declining 
significantly.    Two  of  the  localized  pumping  depressions  also  are 
located  beneath  urban  areas.   Urban  areas  are  exploring  the  possibility 
of  obtaining  higher  quality  surface  water  supplies.   Such  a  substitution 
would  have  a  small  impact  on  the  draft  on  the  groundwater  resources  of 
the  County  (three  to  five  percent).   However,  there  would  be  a  local 
positive  effect  on  both  overdraft  and  quality  in  the  Davis  and  Woodland 
areas,  and  water  quality  could  be  improved  significantly  in  the  East  Yolo 
area. 
Surface  Water  Importations 

The  Tehama-Colusa  Canal  is  authorized  to  be  constructed  to  Bird 
Creek  near  the  Dunnigan  Water  District  in  northern  Yolo  County.   When 
completed,  the  canal  will  have  capacity  to  supply  imported  water  to  the 
County.   The  three  water  districts  of  the  County  have  signed  contracts 
or  are  negotiating  contracts  for  deliveries  from  the  canal  to  Yolo  County. 

Importation  and  application  of  additional  surface  water  by  any  of 
the  existing  districts  could  result  in  relief  of  the  groundwater  over- 
draft beneath  those  districts.   In  addition,  by  managing  both  surface 
and  groundwaters  in  their  areas,  the  districts  could  effectively  stabilize 
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groundwater  levels,  avoid  potential  drainage  problems,  and  reduce  the 
rate  of  groundwater  quality  degradation  within  their  boundaries.   Such 
management  action  on  the  part  of  the  water  districts  would  be  a  major 
contribution  to  water  management  within  the  County. 
Well  Field  Development 

Another  groundwater  management  action  could  be  the  development  of 
a  well  field  in  the  northern  part  of  the  Yolo  Bypass  Basin.   Groundwater 
pumped  from  this  area,  if  of  adequate  quality,  could  serve  as  a  supple- 
mental or  substitutional  municipal  and  industrial  supply  in  Davis,  East 
Yolo,  and  Woodland  as  well  as  a  supplemental  supply  for  agricultural  use 
in  the  Lower  Cache-Putah  Basin.   Such  groundwater  development  would  induce 
greater  natural  recharge  from  both  the  Sacramento  River  and  the  Yolo 
Bypass.   However,  capital  and  operating  costs  associated  with  development 
and  transmission  of  groundwater  in  this  area  would  have  to  be  examined 
in  detail. 

The  quality  of  this  groundwater  source  was  explored  during  the 
course  of  this  investigation  by  sampling  and  analyzing  water  taken  from 
wells  in  this  area.   Chemical  analyses  were  made  in  the  water  quality 
laboratory.  Department  of  Water  Science  and  Engineering,  University  of 
California  at  Davis. 

The  quality  of  groundwaters  in  this  area  is  similar  to  the  quality 
found  in  wells  in  the  East  Yolo  area.   Immediately  adjacent  to  the 
Sacramento  River,  the  shallow  groundwater  is  comparable  to  the  quality 
of  the  river  water.   Some  wells  have  traces  of  iron  and  manganese. 
Moving  westward  and/or  south  from  the  river,  groundwater  quality  is  poor. 
Total  dissolved  solids  concentrations  range  up  to  2000  mg/1.   Iron  and 
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manganese  concentrations  are  consistently  above  0.3  mg/1  and  0.1  mg/l 
respectively. 

It  appears,  therefore,  that  shallow  groundwater  could  be  developed 
along  the  Sacramento  River  for  municipal  or  industrial  supplies.   It 
could  also  be  used  for  irrigated  agriculture  as  well.   Development  of 
this  shallow  groundwater  would  induce  natural  recharge  from  the  river 
and  could  partially  control  undesirable  seepage  from  the  river. 
Artificial  Recharge 

Groundwater  recharge  is  possible  in  the  County.   As  discussed  in 
Chapter  8  on  groundwater,  a  number  of  potential  artificial  recharge 
sites  have  been  identified  (Figure  8.11).   Artificial  recharge  would 
require  surplus  surface  water.   Obvious  sources  of  excess  surface  water 
are  nonirrigation  season  flows  of  Cache  Creek,  the  Sacramento  River,  and 
the  Colusa  Drain.   Nonirrigation  flows  in  the  Tehama-Colusa  Canal  may 
be  available  also. 

There  is  the  potential  for  conjunctive  operation  of  artificial 
recharge  and  gravel  extraction  along  Cache  Creek.   Recharge  ponds  could 
be  developed  in  the  regions  of  gravel  extraction  to  supplement  groundwater 
supplies.   Also  ponds  could  be  designed  to  accommodate  sediment  deposi- 
tion in  the  area  of  the  gravel  operations. 

Perhaps  the  most  attractive  method  of  achieving  groundwater  recharge 
exists  in  applying  water  to  greater  irrigated  areas  during  periods  of 
surplus  water.   Thus,  canal  seepage  and  deep  percolation  of  applied 
irrigation  water  is  enhanced.   This  would  require  some  modification  of 
irrigation  distribution  systems  to  achieve  this  recharge. 
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Conjunctive  Operation  of  Water  Development  Facilities 

In  order  for  Yolo  County  to  be  assured  of  the  1,190,000  acre-feet 
annual  water  supply  forecast  for  year  2020,  plans  should  be  made  and 
methods  devised  for  securing  the  needed  supplemental  water  supply. 

Presently,  if  all  the  supplies  sought  by  local  agencies  from  the 
Tehama-Colusa  Canal  are  obtained,  the  needed  2020  supplemental  supply 
approximates  105,000  acre-feet  per  year. 

Perhaps  the  greatest  difficulty  in  obtaining  surface  supplies  for 
future  use  is  the  interim  cost  of  holding  that  supply  until  the  user  be- 
gins to  pay  for  its  actual  use.   One  promising  way  is  by  use  of  conjunc- 
tive operation  of  water  development  facilities. 

The  off-irrigation  season  flows  of  several  streams  available  to 
Yolo  County  water  users  constitute  ample  water  to  satisfy  future  water 
deficiencies.   These  winter  waters  of  Cache  Creek,  Tehama-Colusa  Canal, 
Sacramento  River,  and  the  Colusa  Drain  could  be  placed  in  groundwater 
storage  via  artificial  recharge  facilities  for  irrigation  season  use. 
Currently,  due  to  the  relatively  high  cost  of  this  kind  of  development, 
these  waters  are  little  wanted  and  thus  should  be  low  in  cost,  although 
off-stream  storage  projects  such  as  the  San  Luis  Reservoir  and  the  Sites 
Reservoir  are  efforts  to  utilize  this  type  of  water.   Planning  should 
include  analysis  of  this  means  of  obtaining  future  water  supply. 

Conjunctive  operation  of  surface  and  groundwater  supplies  is  a  part 
of  total  water  management  and  can  be  effected  at  different  levels  of 
intensity  dependent  on  physical  and  economic  conditions.   Utilization  of 
conjunctive  operation  is  normal  in  any  water  plan  for  an  area  having 
such  potential. 
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Groundwater  Management  Policy  and  Plan 

Because  the  local  water  agencies  are  working  out  solutions  to  the 
water  problem  within  the  County,  plans  for  future  water  supply  should  be 
developed  in  concert  with  these  local  water  agencies.  Their  efforts 
appear  to  be  solving  all  the  main  water  problems  of  the  County.   In  addi- 
tion, because  all  the  water  development  facilities  are  the  property  of 
these  agencies  and  individuals,  any  implementation  of  a  water  plan  via 
management  should  also  be  accomplished  through  these  local  water  agencies. 

The  County  should  become  fully  aware  of  its  water  condition,  present 
and  predicted.   With  this  information,  various  plans  can  be  developed, 
in  cooperation  with  the  local  water  agencies,  for  solving  the  water  prob- 
lems of  the   County. 

With  additional  water  development  within  the  County  from  ground- 
water and  from  surface  supplies,  local  and  imported,  will  come  opportu- 
nities for  better  planning  and  better  management.   Evaluation  of  ongoing 
water  development  and  new  or  modified  water  projects  should  be  through 
preparation  and  analysis  of  annual  water  status  reports.   This,  of  course, 
includes  both  surface  and  groundwater. 

The  groundwater  conditions  are  indicators  of  Yolo  County's  water 
condition.   Groundwater  levels  indicate  the  amount  of  water  in  storage  and 
the  direction  and  amount  of  change  in  storage.   Groundwater  quality  is 
a  reflection  of  the  quality  of  imported  waters  and  local  surface  waters. 
Groundwater  quality  is  also  an  indicator  of  potential  problem  areas  within 
a  groundwater  basin.   Monitoring  of  groundwater  levels  and  quality,  as 
outlined  in  Chapter  11,  together  with  surface  hydrological  and  climatolo- 
gical  records  and  water  use  data  should  be  gathered  annually  and  analyzed 
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to  determine  annual  Yolo  County  water  conditions.   This  information, 
reported  on  a  groundwater  basin  basis,  would  permit  a  local  governmental 
agency  or  farmer  to  see  the  condition  of  the  supply.   Such  information 
would  facilitate  planning  of  future  surface  and  groundwater  management 
opportunities  and  would  be  essential  to  evaluation  of  the  results  of 
previous  and  current  water  plans. 

The  policy  of  the  County  regarding  water  planning  and  development 
should  be  to  encourage  economic  development  of  an  adequate  supply  to 
provide  for  future  needs.   Such  planning  should  include,  along  with  the 
other  elements  of  total  water  management,  conjunctive  use  of  surface  and 
groundwater  supplies  and  facilities. 
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Chapter  11     Surveillance  and  Monitoring 

Accurate,  long  term  and  consistent  information  on  the  quantity  and 
quality  of  ground  water  is  essential  in  analyzing  a  current  situation, 
in  forecasting  future  conditions,  and  in  developing  a  successful  ground- 
water management  plan. 

For  this  investigation  a  reasonable  amount  of  information  and  data 
was  available  from  scattered  sources.   In  some  areas  and  for  some  periods 
of  time,  data  was  incomplete  or  nonexistent.   It  is  clear  that  a  plan 
of  measurement  and  analysis  is  needed  in  order  to  update  the  information 
and  facilitate  management  decisions  and  actions. 

Water  levels  in  approximately  270  wells  are  currently  monitored  in 
Yolo  County  by  the  DTO,  the  USER,  and  the  YCFCWCD.   Frequency  of  measure- 
ment varies  from  monthly,  semi-annually,  or  annually  to  sporadic.   All 
available  data  was  used  in  this  investigation  to  develop  the  history  and 
status  of  groundwater  elevations  in  the  basins  of  the  County. 

The  network  of  wells  currently  being  monitored  for  water  levels 
is  adequate  for  continuing  surveillance  of  groundwater  conditions. 

Water  quality  samples  and  analyses  have  been  made  primarily  by  the 
TMR   over  the  past  22  years.   Samples  from  approximately  300  wells  were 
used  in  analyzing  the  history  and  status  of  groundwater  quality  in  the 
County.   Currently,  only  34  wells  in  the  County  are  being  regularly  monitored 
for  water  quality. 

It  is  recommended  that  the  County  implement  a  Surveillance  and 
Monitoring  Plan  of  groundwater  levels  and  quality  that  includes  consistent 
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measurements  and  analysis  and  a  report  to  the  Yolo  County  Water  Resources 
Board  and  to  other  interested  agencies  and  individuals  on  an  annual  basis. 
Such  a  plan  should  include: 

-  semi-annual  water  level  measurements  in  the  spring  prior  to  the 
agricultural  irrigation  season  and  in  the  fall.   A  minimum  of  88 
wells,  illustrated  in  Figure  11.1  and  listed  in  Appendix  C  Table 
C-1,  should  be  utilized  with  additions  made  where  appropriate 

to  focus  on  localized  areas  of  interest. 

-  calculation  of  annual  changes  in  groundwater  storage  for  each 
of  the  groundwater  basins  and  for  the  County  as  a  whole. 
Such  calculations  would  be  based  on  the  measured  changes  in 
groundwater  levels  and  average  specific  yields  of  the  aquifer 
materials  as  developed  in  this  investigation  and  discussed 

in  the  section  on  Ground  Water  above. 

-  annual  analysis  of  water  quality  samples  from  34  wells  currently 
monitored  by  the  DWR  and  10  additional  wells,  all  illustrated  in 
Figure  11.1.   Annual  analyses  is  recommended  in  light  of  the 
slow  change  of  groundwater  quality  with  time.   Additional  wells 
may  need  to  be  monitored  to  examine  problems  in  localized  areas. 

-  determination  of  localized  or  basin-wide  changes  in  groundwater 
quality  based  on  the  44  sample  analyses. 

Of  the  wells  listed  in  Appendix  C  Table  C-1  for  inclusion  in  a  surveillance 
and  monitoring  program,  the  majority  are  currently  being  measured  or 
sampled.   However,  the  publication  of  resultant  data  has  been  significantly 
reduced.  Accordingly,  the  proposed  surveillance  and  monitoring  program 
should  be  set  up  to  receive  recorded  data  and  perform  field  work  as  necessary 
to  achieve  the  balance.   If  DWR  or  other  monitoring  programs  are  curtailed. 
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the  County  should  increase  its  level  of  field  work  to  retain  the  recommended 
level  of  surveillance. 

The  effectiveness  of  groundwater  management  decisions  and  actions 
can  be  determined  by  evaluation  of  changes  in  groundwater  storage  and 
groundwater  quality.   Adoption  of  a  program  of  surveillance  and  monitoring 
as  outlined  above  will  result  in  such  a  determination  for  groundwater 
management  as  employed  by  the  County. 
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MEASURES  OF  CHEMICAL  QUALITY 

Methods  of  reporting  water  analyses  can  be  varied  such  that  the 
analyses  can  be  interpreted  in  terms  of  the  use  of  the  water.   In  a 
chemical  analysis  of  water,  concentrations  of  different  ions  are  expressed 
by  weight  or  by  chemical  equivalence. 

Concentrations  by  Weight  -  Concentrations  of  the  common  ions  found 
in  water  are  often  reported  by  weight  in  parts  per  million  (ppm) .   One 
ppm  defines  one  part  by  weight  of  the  ion  to  a  million  parts  by  weight 
of  water.   One  part  per  million  is,  for  concentrations  encountered  in 
the  waters  of  Yolo  County,  numerically  equal  to  one  milligram  per  liter. 

Chemical  Equivalence  -  Positively  charged  cations  and  negative 
anions  combine  and  dissociate  in  definite  weight  ratios.   By  expressing 
ion  concentrations  in  equivalent  weights  their  ratios  are  readily  determined 
because  one  equivalent  weight  of  a  cation  will  exactly  combine  with  one 
equivalent  weight  of  an  anion.   The  equivalent  weight  of  an  anion  is 
the  ratio  of  its  atomic  weight  to  its  valence.   Table  B-1  includes 
equivalent  weights  of  the  common  ions  found  in  the  waters  of  Yolo  County. 
For  convenience,  concentrations  are  reported  in  one-thousandth  of  a 
gram  equivalent  weight  per  liter  of  solution;  consequently,  the  unit 
milligram  equivalent  per  liter  (meq/Jl),  or  simply  milliequivalent  per 
liter  ime/Z)    is  used. 
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Table  B-1 
CHEMICAL  CONSTITUENTS  OF  WATER 


Major  Constituents 

Common 

Equivalent 

Common 

Equivalent 

Cations 

Weight 

Anions 

Weight 

Calcium  (Ca) 

20.04 

Carbonate  (CO3) 

30.00 

Magnesium  (Mg) 

12.16 

Bicarbonate  (HCO3) 

61.01 

Sodium  (Na) 

23.00 

Sulfate  (SO^) 

48.03 

Potassium  (K) 

39.10 

Chloride  (CI) 

35.46 

Nitrate  (NO3) 

62.01 

Table  B-2 
WATER  HARDNESS  CLASSIFICATION 


mg/1 

as  CaC03 

Classification 

0 

-  50 

Very  soft 

51 

-  100 

Soft 

101 

-  200 

Moderately  soft 

201 

-  350 

Moderately  hard 

351 

-  500 

Hard 

501 

and  above 

Very  hard 

Hardness  (mg/1)  =  Ca  +  Mg  (me/1)  x  50 
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WATER  QUALITY  CnARACTERISTICS 


Total  Dissolved  Solids  -  In  general,  vaters  vith  a  total  dissolved 
solids  concentration  less  than  500  mg/i  are  recormer.ded  for  donestic 
purposes  by  USPHS  standards.   Consimier  sensitivity  to  objectionable  total 
dissolved  solids  levels  is  a  -ajcr  criterion,  although  the  I'SPES  recczmends 
a  linit  of  1000  mg/i  for  public  supplies.   In  Yolo  County,  treatment 
to  reduce  solids  content  is  net  practiced  and  residents  vho  regularly 
use  waters  exceeding  500  ng/i  of  total  dissolved  solids  appear  co  suffer 
no  ill  effects. 


"ctal  Hardness  -  Hardness  is  caused  bv  the  divalent  cations  of 


carbonate  (CaCO  ) .   io  the  cons. 


calcium  and  iDagnesiiiin.   Total  hardness  is  expressed  in  numerous  ways, 
with  the  standard  American  practice  being  in  ppm  (mg/il)  as  calci-j= 

:er,  zhe  most  cocmon  problem  asscciaced 
with  hard  water  is  the  excessive  ano-ont  of  soap  required  for  optizram 
cleansing.   Hard  water  may  also  cause  discoloration  of  materials,  decreased 
fabric  life,  and  increased  vear  of  household  utensils.   From  an  industrial 
standpoint,  the  hardness  of  process  vater  may  result  in  scaling  on  hot 
water  piping,  heaters,  and  other  units  vhere  varer  renperature  is  increased. 

At  present,  hard  vaters  are  ccnsicerec  as  satisfactory  for  human 
constmption  as  soft  waters  vith  no  definitive  standard  having  been  set 
by  the  USPHS.   Consixier  sensitivity  to  objectionable  levels  of  hardness 
is  the  only  criterion  available,  although  hardness  greater  than  300-500 
mg/i  as  CaCO     may  be  considered  excessive  for  public  supplies. 

A  typical  classification  for  vaters  of  varying  degrees  of  hardness 
is  provided  in  Table  3-2.   Tne  terms  "hard"  and  "soft"  as  applied  to  water 
hardness  m=v  mean  different  intensities  to  different  individuals.   A  resident 


r\ 


of  an  area  where  waters  are  normally  low  in  total  dissolved  solids  might 
consider  a  water  having  a  hardness  of  100  mg/£  as  "very  hard",  whereas 
water  of  the  same  level  of  hardness  may  be  described  by  residents  in 
another  area  as  "soft".   The  classification  presented  in  Table  B-2  reflects 
relative  hardness  levels  and  consumer  sensitivity  in  Yolo  County. 

Sodium  -  Sodium  concentration  is  important  in  classifying  an 
irrigation  water  because  sodium  reacts  with  soil  to  reduce  its  permeability. 
Fine  silt,  clay,  and  organic  matter  fractions  of  aquifers  adsorb  and 
retain  cations  on  their  surfaces.   Cations  are  held  by  minute  electrical 
charges  at  the  surface  of  the  particles;  however,  they  may  be  replaced 
by  other  cations  contained  in  the  ground  water.   This  reaction  is  termed 
base  (or  cation)  exchange.   Sodium,  calcium,  and  magnesium  are  the  principal 
cations  involved.   When  high  sodium  water  is  applied  to  soil,  the  number 
of  sodium  ions  combined  v/ith  the  soil  increases  while  an  equivalent 
quantity  of  calcium,  or  other  ions  is  displaced.   These  reactions  change 
the  soil  characteristics,  causing  deflocculation  and  reduction  of  soil 
permeability. 

Soils  containing  a  large  proportion  of  sodium  with  carbonate  as 
the  predominant  anion  are  termed  alkali  soils;  those  with  chloride  or 
sulfate  as  the  predominant  anion,  saline  soils.   Ordinarily,  either  type 
of  sodium-saturated  soil  will  support  little  or  no  plant  growth.   Sodium 
content  is  usually  expressed  in  terms  of  percent  sodium  (also  known  as 
sodium  percentage  and  soluble-sodium  percentage),  defined  by 

=  (Na+K) 100 
Ca+Mg+Na+K 

where  all  ionic  concentrations  are  expressed  in  milliequivalents  per 
liter. 
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Chlorides  -  Chlorides  in  reasonable  concentrations  are  not  harmful 
for  domestic  uses.   At  concentrations  above  250  mg/H,  they  result  in 
a  salty  taste  which  may  be  objectionable  to  the  consumer.   As  a  result, 
a  concentration  of  250  mg/S,  is  recommended  by  the  USPHS  for  public  supplies. 
Levels  exceeding  this  value  are  used  without  the  development  of  adverse 
effects,  once  the  human  system  becomes  accustomed  to  the  water. 

Nitrates  -  Compounds  of  nitrogen  in  water  are  usually  indicative 
of  the  presence  of  organic  matter.   In  ground  water,  nitrogen  primarily 
appears  in  the  form  of  nitrites  (NO  )  and  nitrates  (NO  ) .   The  nitrate 
form  is  of  principle  sanitary  significance  since  it  has  been  found  that 
drinking  waters  with  high  nitrate  content  have  resulted  in  methylglobinemia 
in  infants.   A  limiting  concentration  of  45.0  mg/£  has  been  set  by  the 
USPHS,  although  the  State  Health  Department  suggests  a  standard  of  90 
mg/l. 

Boron  -  Boron  is  necessary  in  small  quantities  for  normal  growth 
of  all  plants,  but  in  larger  concentrations  it  becom.es  toxic.   Required 
quantities  vary  with  crop  type:   sensitive  crops  require  minimum  amounts 
(less  than  1  mg/2,)  whereas  tolerant  crops  will  achieve  maximum  growth 
on  several  times  these  concentrations  (greater  than  3  mg/£).   Relative 
boron  tolerances  for  a  number  of  crops  are  presented  in  Appendix  Table 
B-3. 

Iron  and  Manganese  -  Iron  is  objectionable  in  public  water  supplies 
because  it  stains  plumbing  fixtures,  clothing  and  textiles.   It  may  cause 
taste  and  odor  problems,  and  it  presents  difficulties  in  manufacturing 
processes.   Sulphate  of  iron  causes  acidity  and  corrodes  ferrous  metals 
and  brass.   The  presence  of  iron  in  water  normally  has  no  sanitary  significance. 
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The  effects  of  manganese  are  similar  to  those  caused  by  iron.   For  these 
reasons,  the  USPHS  has  set  consumer  acceptance  limits  for  public  water 
supplies  of  0.30  mg/X,  of  iron,  0.05  mg/£  of  manganese,  or  0.30  mg/£ 
for  a  combination  of  both. 
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Appendix  C 


m 


Table  C-1 

>i 

GROUNDWATER  QUANTITY  AND  QUALITY 
SURVEILLANCE  WELLS 

Water  wells  currently 
being  monitored  for 
groundwater  quality 
(to  continue)  and 
recommended  for  water 
level  monitoring 

Water  wells 
recommended  for 
water  level  and 
groundwater  quality 
monitoring 

Water  wells 
recommended  for 
water  level 
monitoring 

T07N/R03E-06R01 

T06N/R03E-0  7M01 

T07N/R03E-04Q01 

T07N/R04E-33L01 

-12R01 

T08N/R01E-01J02 

T08N/R02E-05A02 

T07N/R01E-12N02 

-07B02 

-13H02 

T09N/R04E-34K01 

-15B01 

-14M03 

T09N/R01W-36G03 

T08N/R02E-01K01 

T08N/R04E-16N08 

T10N/R01E-26E03 

-17M01 

T08N/R01W-16G02 

T1ON/RO2W-21G01 

T08N/R03E-03Q01 

-20J02 

T11N/R02E-34E02 

-21P02 

T09N/R01E-09D01 

T11N/R03W-15G01 

-32G01 

1 

1 

-12A01 

T12N/R01E-26N01 

Tn8N/R01W-13F01 

1 

-34N01 

T09N/R01E-20E01 

1 

T09N/R02E-10D01 

-26N01 

-lOEOl 

-28M01 

-13N01 

T09N/R02E-17M01 

-22H02 

-35E01 

T09N/R04E-33L01 

T09N/R03E-31A02 

T09N/R01W-21E01 

T09N/R01W-02Q02 

T10N/R01E-15U02 

-09P01 

-33J01 

-llKOl 

T10N/R02E-17J03 

-27B01 

-28A02 

-33J01 
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Table  C-1 
(continued) 

GROUNDWATER  QUANTITY  AND  QUALITY 
SURVEILLANCE  WELLS 


Water  wells  currently 

being  monitored  for 

Water  wells 

groundwater  quality 

recommended  for 

Water  wells 

(to  continue)  and 

water  level  and 

recommended  for 

recommended  for  water 

groundwater  quality 

water  level 

level  monitoring 

monitoring 

monitoring 

T10N/R03E-32E01 

T10N/R01E-03E01 

T10N/R01W-02Q01 

-18C01 

T10N/R01W-27C01 

T10N/R01E-31E01 

T10N/R02W-01M02 

T10N/R02E-01P02 

-26M01 

-04R01 

-26P01 

-06B01 

T10N/R03W-11A01 

-14E01 

T11N/R01E-06P02 

-18M01 

-08F01 

-26Q01 

-16P01 

-31M01 

T11N/R02E-14F04 

-34M01 

-29A02 

T10N/R01W-05E01 

T12N/R01W-21A01 

' 

-17N01 

-30K01 

-33F01 

T11N/R01E-04E01 

-14E01 

-25R01 

T11N/R02E-18F02 

T11N/R01W-30D01 

-34P01 

T12N/R01W-36K01 

T12N/R03W-20D01 
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